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Abstract 
This dissertation examined Y-Chromosome and mitochondrial DNA 
(mtDNA) genetic variation in 230 individuals from five (Rama, Chorotega, Huetar, 
Maléku, and Guaymi) indigenous populations inhabiting lower Central America in 
order to determine the evolutionary history and biological relationship among 
Chibchan-speakers and neighboring groups. Mitochondrial genetic diversity observed 
in Chibchan populations indicates a biological relationship with two Mesoamerican 
groups (Chorotega and K’iche Maya). However, Chibchan populations are 
biologically differentiated from eastern and Andean South American indigenous 
groups. Y-chromosome variation demonstrates a shared paternal biological 
relationship between Mesoamerican and northern Chibchan populations, whereas 
southern Chibchan and South American groups demonstrate a closer genetic 
association. Genetic diversity values in all five study populations were higher for Y-
chromosome and lower for mtDNA haplotypes. Low mtDNA diversity and positive 
neutrality tests statistic values indicate that genetic drift has operated on this locus in 
Chibchan populations. Coalescent dates based on two haplogroup A2 (16360 and 
16187) nodes indicate the divergence of Chibchan groups from earlier Paleoindian 
groups between 8,000 and 10,000 years ago. In addition, a genetic discontinuity was 
detected in Chibchan populations and is associated with the region around Lake 
Nicaragua. This discontinuity is connected with rising sea levels that occurred 8,000 
years before present, separated lower Central from North and South America, and 
isolated the predecessors of modern Chibchan populations. Archaeological and 
linguistic evidence is used to support the endogenous development of Chibchan 
populations in lower Central America. Difference between low maternal and high 
paternal genetic diversities are interpreted as the result of two male dominated 
migrations. The first migration occurred with the arrival of Nahua and Oto-Manguean 
populations on the Pacific coast of Costa Rica and Nicaragua between 800 and 1000 
A.D. The second migration occurred with European contact in the early sixteenth 
century. This study is concluded by supporting mtDNA evidence for the endogenous 
development of Chibchan-speaking populations in lower Central America. However, 
recent demographic events impacted the paternal genetic structure of these groups.  
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I: INTRODUCTION: 
The indigenous inhabitants of Central America have played an important role 
in understanding the population dynamics and cultural development in the Americas, 
due to their unique geographic location spanning the two American continents. 
Geographically, the region is divided into two areas: 1) Mesoamerica; and 2) lower 
Central America (figure 1). Until recently, the majority of research focused on 
complex cultures and social stratification in Mesoamerica, while lower Central 
America was considered to be an intermediate region dominated by autonomous 
chiefdoms heavily influenced by state level societies from Mesoamerica and the 
central Andes. However, new evidence contests this idea and supports the existence 
of a major cultural area dominated by Chibchan-speakers (Hoopes and Fonseca 
2003). Kirchoff (1943) was the earliest scholar who attempted to identify a 
“Chibchan” cultural area in lower Central America. This concept of a major Pre-
Columbian cultural complex dominated by Chibchan-speaking populations was 
neglected by other researchers, who considered the area as peripheral and 
intermediate between Mesoamerica and the Andes (Hoopes and Fonseca 2003; Sheets 
1992). On the other hand, recent research in lower Central America has refuted the 
notion of the region as a “cultural intermediary”. Current archaeological (Cooke 
2005; Hoopes 2005), biological (Barrantes et al. 1990; Kolman and Bermingham 
1997; Melton et al. 2007), and linguistic (Constenla 1991) evidence support 
Kirchoff’s explanation for the existence of a major Chibchan cultural area. This 
research also indicates that Chibchan populations have inhabited this region 
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continuously for the last 14,000 years and has supported the endogenous development 
of these groups from earlier human inhabitants (Barrantes et al. 1990; Constenla 
1991; Kolman and Bermingham 1997; Cooke 2005). Recent evidence also supports a 
biological relationship between northern South and Central American Chibchan 
populations (Melton et al. 2007). However, research into the biological relationship 
between Mesoamerican and Chibchan populations and their divergence from earlier 
human groups in the region remains unresolved. This dissertation examines 
mitochondrial DNA (mtDNA) and Y-chromosome genetic variation in four 
Chibchan-speaking populations (Rama, Zapáton Huetar, Guaymi, and Maléku) and 
one Oto-Manguean speaking group (Chorotega) in order to determine their biological 
relationship to each other, as well as attempt to reconstruct Chibchan genetic history. 
 
Figure 1: Central America divided by geographic region.  
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The term “Chibchan” is a useful identifier for both the autochonous 
populations of lower Central and northern South America is supported by numerous 
lines of evidence from archaeology (Hoopes and Fonseca 2003; Hoopes 2005), 
population genetics (Barrantes et al. 1990; Kolman and Bermingham 1997; Melton et 
al. 2007) and historical linguistics (Constenla 1991; 1995). Chibchan refers to a 
family of Native American languages spoken from eastern Honduras to Venezuela. 
Similar to the terms “Maya” and “Mayan”, which refer to another heterogeneous 
group of approximately 30 indigenous Central American languages that are 
amalgamated under one label, but in the past were never subsumed under a distinct 
political entity, “Chibchan” refers to a wide array of ethnic identities. Modern 
Chibchan-speakers range from the Pech and Rama (who inhabit the tropical Mosquito 
coast of Nicaragua and Honduras) to the present day Kogi, Ijka, and Arsario (Wiwa) 
(who reside in the mountainous Sierra Nevada de Santa Marta in Colombia). Based 
on archaeological evidence, these populations hint at ancient relationships that 
indicate a rich shared cultural history throughout the region (Hoopes and Fonseca 
2004). However, the impact and severity of European contact dramatically altered the 
histories of these indigenous populations. Recent advances in molecular genetics may 
provide insight into the genetic history of these Chibchan populations. 
Over the past twenty years, methodological and theoretical progress in 
molecular genetics has enhanced the ability to test scientific hypotheses regarding the 
origins and interrelationships of human populations. Two of the most widely used 
molecular applications for studying genetic history are mitochondrial DNA (mtDNA) 
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and the Y-chromosome. Both these genetic regions are useful because they can be 
used to test the maternal (mtDNA) or paternal (Y-chromosome) evolutionary history 
of a single group, or a number of historically linked populations. Recent research into 
genetic variation within these molecular regions has allowed for considerable insight 
into the origins of Native American populations. Initial evidence from mtDNA 
revealed that Amerindian populations are characterized by a series of mutations that 
cluster into five haplogroups termed A2, B2, C1, D1, and X2a (Schurr et al. 1990; 
Torroni et al. 1993; Schurr and Sherry 2004). This current evidence from complete 
mtDNA genome sequencing has further enhanced our understanding of Native 
American origins (Tamm et al. 2007; Achilli et al. 2008). Research on the Y-
chromosome has also identified three haplogroups termed Q, Q3, and C that can be 
used to determine Native American genetic ancestry (Karafet et al. 1999; Lell et al; 
2002; Zegura et al. 2004). This molecular genetic evidence has increased our 
understanding of both the initial peopling and the post-colonization population 
dynamics of Native American populations. 
Chibchan-speaking populations of lower Central and northern South America 
provide one group that has important implications for understanding the subsequent 
genetic history of Native American populations. Chibchan populations share 
linguistic and cultural characteristics that indicate these groups may share an 
evolutionary history. These shared cultural characteristics include iconography, 
settlement patterns, and social structure (Hoopes and Fonseca 2003). In addition, 
lower Central America has a well defined archaeological record that demonstrates 
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continuous occupation of the region from the Paleoindian era through European 
contact (Cooke 2005). This long tern human occupation allows for the comparison 
between biological and cultural history in order to understand the evolution of 
Chibchan populations.   
The goals of this dissertation are: 1) to characterize Y-chromosome and 
mtDNA genetic variation from five indigenous Central American populations; 2) 
compare these data to molecular and classical genetic polymorphisms obtained from 
the literature; and 3) investigate the genetic history and the biological relationships of 
Chibchan-speaking populations to surrounding Native American groups using 
molecular and classical genetic data. The molecular markers are used to characterize 
maternal and paternal lineages, while classical genetic polymorphisms are 
investigated as proxies for bi-parentally inherited markers. The four specific 
questions addressed by this research are:  
1) What evolutionary forces have previously operated on Chibchan 
populations? How have they impacted these groups? and Do they differ 
between mtDNA and the Y-chromosome? 
2) What is the maternal/paternal genetic relationships of Chibchan populations 
with neighboring Mesoamerican and South American indigenous groups?  
3) What can mtDNA and Y-chromosome variation reveal regarding the 
genetic history of Chibchan populations?  
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4) Are discontinuities observable in the genetic variation of Chibchan and 
neighboring populations and if they are present how can they be related to the 
cultural and genetic history of the region. 
This dissertation is divided into six additional chapters. Chapter two 
summarizes previous research on the anthropological genetic studies of Native 
American populations using Y-chromosome and mitochondrial DNA (mtDNA) data, 
linguistic diversity in the Americas, and the origins of pre-Columbian agriculture in 
the Americas. Chapter three reviews background information on Chibchan 
populations from lower Central America along with previous archaeological and 
genetic research in the region in order to better understand Chibchan evolutionary 
history. The materials and methods chapter discusses the fieldwork, laboratory and 
analytical methods used for data analyses. The results are presented in chapter four 
for molecular and classical genetic data. The relevance of these results to 
understanding the genetic and cultural of history of Chibchan populations are 
discussed in chapter five. The last chapter provides a summary of these results and 
their implications for future research. 
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II. LITERATURE REVIEW 
This chapter summarizes previous research on the anthropological genetics of 
Native American populations using Y-chromosome and mitochondrial DNA 
(mtDNA) data, linguistic diversity, and the origins of Pre-Columbian agriculture. In 
addition, this chapter provides a theoretical overview of current research pertaining to 
these summaries and how they relate to the initial peopling of the Americas in order 
to better understand the evolutionary history of the Chibchan populations in Central 
and South America.  
MOLECULAR GENETIC OVERVIEW:  
Advances in molecular biology and computer technology have led to a 
number of useful genomic markers for investigating human genetic population 
structure and history. This genetic information is inherited from the mother (mtDNA), 
the father (Y-chromosome) and from both parents (autosomal markers). When alleles 
or DNA sequence variants occur in the human genome in a population with a 
frequency above one percent they are termed genetic polymorphisms (Jobling et al. 
2004). The presence of these genetic polymorphisms in a group of individuals 
requires an evolutionary explanation that excludes mutation. These alternate 
evolutionary explanations include natural selection (directional and balanced), gene 
flow (admixture), or genetic drift (bottleneck and founder effect). Directional 
selection and genetic drift reduce the amount of genetic variation within a population 
and increase genetic differences between groups. Whereas, balancing selection and 
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gene flow increase genetic variation within populations and decreases variation 
among groups. When genetic polymorphisms are studied at the population level, they 
provide insight into the genetic history of a population. Subsequent correlation of 
genetic history with archaeological, environmental, and cultural data provides greater 
understanding of evolutionary, ecological, or historical processes. Recent molecular 
research in anthropological genetics has focused on broad-based theoretical questions 
of major demographic expansions. These studies include: the origins of modern 
humans (Cann et al. 1987; Vigilant et al. 1991; Sherry et al. 1994; Garrigan and 
Hammer, 2006); the spread of farming in Europe (Sokal et al. 1991; Rosser et al. 
2000; Currat and Excoffier, 2005); the peopling of the Americas (Schurr et al. 1990; 
Torroni et al. 1993; ; Karafet et al. 1999; Schurr and Sherry 2004; Zegura et al. 2004; 
Tamm et al. 2007; Wang et al. 2007) and; the evolutionary relationship between 
modern H. sapiens and Neanderthals (Krings et al. 1997; Green et al. 2006; Noonan 
et al. 2006). Increasingly, greater importance has been placed on examinations of 
microevolutionary events that precipitated large scale population expansion or genetic 
bottlenecks on a smaller geographic scale (Barrantes et al. 1990; Redd and Stoneking 
1999; Crawford 2007). Two of the most widely used human genetic regions for 
understanding the Pleistocene peopling of the Americas are mtDNA and the Y-
chromosome.  
The human genome (DNA) consists of 22 pairs of autosomal chromosomes, 
two sex chromosomes (X or Y), and mtDNA. This genome is subdivided into exons 
(executing regions), introns (intervening segments), and other non-coding regions. 
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Exons are DNA sequences or series of sequences that maintain the instructions 
required for synthesizing proteins. There are between 20,000 to 25,000 exons in the 
human genome (International Human Genome Sequencing Consortium 2004). The 
majority of these exons are found in the autosomes, with only 1,529 exons being 
located on the X-chromosome and 344 on the Y-chromosome (NCBI Human 
Genome Map 2007). The remaining 98.5% of the genome consists of introns, repeat 
elements, transposons, and pseudogenes. Introns are genetic segments that are 
transcribed but are spliced from messenger RNA (mRNA) prior to protein translation. 
Repeat elements are genetic sequences characterized by a repetitive sequence of 
nucleotide base pairs (i.e, GACGACGAC). Transposons are sequences of DNA that 
move around to different positions in the genome of a cell. Pseudogenes are 
nonfunctional relatives of known exons that have lost their protein coding abilities.  
The current biological function of these genomic regions is unknown and 
genetic polymorphisms in this region are considered selectively neutral. Therefore, 
the absence of natural selection as an evolutionary explanation for genetic variation in 
human noncoding regions allows only for two potential evolutionary outcomes, 
genetic drift or gene flow. This does not mean that mutation does not occur in these 
noncoding regions, but that it does not exceed a frequency of 1% within a population. 
The dichotomous relationship between gene flow (more genetic variation within 
populations, less genetic differences between populations) and genetic drift (less 
genetic variation, more genetic differences) permits the testing of hypotheses 
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regarding the evolutionary history of a population or group of populations using 
human genomic regions. 
Advances in biotechnology have recently accelerated the ability and 
understanding of the human genome. The advent of automated sequencing 
technology permits the determination of individual DNA base pairs (Sanger et al. 
1977). The subsequent development of polymerase chain reaction (PCR) 
methodology in the mid-1980s allows for large numbers of the same sequence to be 
replicated (Saiki et al. 1985). Both these techniques permit greater characterization of 
molecular polymorphisms in the human genome. A number of molecular 
polymorphisms are useful for understanding population structure and dynamics in the 
human genome including: single nucleotide polymorphims (SNPs); 
insertion/deletions (indels); microsatellites (STRs), minisatellites (VNTRs), 
retroelements (Alus, LI, endogenous retroviruses) (Rubicz et al. 2007). 
MITOCHONDRIAL DNA 
 Mitochondrial DNA is one of the most informative and widely used genomic 
regions for understanding Native American genetic variation. This wide use is due to 
its elevated mutation rate (Brown et al. 1979), small number of base pairs, high 
cellular copy number, maternal transmission (Giles et al. 1980), lack of 
recombination (Olivo et al. 1983), and small effective population size (1/4 of 
autosomal DNA). The mitochondrial genome is located within the energy producing 
mitochondria in the cytoplasm of the cell. This genome consists of 16,569 base pairs 
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(bp) divided into a coding region with 37 exons (22 transfer RNAs, 13 proteins, and 
two other RNAs) and an intron control region separated into three hypervariable 
segments (HVS-I, HVS-II, and HVS-III ~400 bp each). The mutation rate of mtDNA 
is high and occurs at five to ten times the rate of nuclear DNA, with the mtDNA 
control region higher than the rate of the coding section. The mutation rate in the 
coding region is estimated as 3.2% per million years (Francalaci et al.1999) and the 
rate increases to 8.4% in the control region (Vigilant et al. 1989). Variation in the 
mtDNA control region is not evenly distributed, with a higher number of 
polymorphic sites being present in HVS-I then HVS-II. Mitochondrial DNA is 
maternally inherited, meaning that it is passed from mother to all of her offspring. 
However, only daughters subsequently pass it onto their progeny (Giles et al. 1980) 
which implies that mtDNA does not undergo recombination and is passed unaltered 
from generation to generation. Therefore, any observed variation in mtDNA can be 
attributed to mutation and the timing of the event can be estimated using the 
aforementioned mutation rates. 
Early human mtDNA genetic history studies used high resolution restriction 
fragment length polymorphism (RFLP) analyses and focused on the entire mtDNA 
genome (Cann et al.1987; Schurr et al.1990; Torroni et al.1992). This research 
focused on the conservative coding region and suggested that some selectively neutral 
mutations occurred only once in human evolutionary history. These unique 
mutational events allowed for the grouping of certain shared mtDNA polymorphisms 
into lineages called haplogroups that were defined by their RFLPs. Two different 
12 
 
nomenclatures were originally proposed: 1) Roman numerals used by Horai et al. 
(1993) and; 2) the English alphabet employed by Torroni et al. (1992). The English 
alphabet nomenclature achieved greater acceptance and is currently used by 
geneticists. Figure 2 displays the position of these haplogroups in the mtDNA 
genome, along with their corresponding RFLPs and associated English alphabet 
notation. Several of these haplogroups have been found to be continent specific and 
are used to trace the migration patterns of human populations (Francalacci et 
al.1999). Figure 3 illustrates the major geographic locations of these haplogroups 
along with their hypothetical migration routes (Wallace and Lott, 2004).  
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Figure 2: mtDNA genome with positions of major mtDNA haplogroups and their associated RFLP cut 
sites (Rubicz et al. 2007). 
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Figure 3: Geographic distribution of human mtDNA haplogroups. Time estimates are thousands years 
ago (ya) and based on a mutation rate of 2.2-2.9%/million years. +/+/+-, and -/- refers to DdeI 
10394/AluI 10397, * refers to +RsaI (Wallace and Lott 2004). 
 
Subsequent human mtDNA research focused on the high variability within the 
control region and applied direct DNA sequencing to the HVS regions. These 
analyses allowed for deeper understanding of population differentiation at the 
micorevolutionary level (Vigilant et al.1989; Vigilant 1991). However, there is a 
certain risk in only focusing on the mtDNA control region. The high mutation rate 
found in this region increases the potential for homoplasy occurring at the same 
nucleotide site. These redundancies result in a reduction of observed genetic 
variability between diverged human populations and complicate further phylogenetic 
analysis. In early studies that applied only this method, sequences detected in 
different populations often clustered together, with no apparent phylogenetic 
relationship (Piercy et al. 1993). There are two potential alternative explanations for 
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reduced mtDNA control region genetic variation: 1) it represents an ancient mutation 
derived from a most recent common ancestor (MRCA) and is present in all 
individuals within a population; or 2) a change occurs at a nucleotide site with a 
higher than expected mutation rate in different mtDNA lineages reducing value for 
establishing phylogenetic relationships. Analyses that do not account for these 
explanations and assign all mtDNA coding region mutations the same weight provide 
poor resolution in the understanding of microevolutionary history at the population 
level (Francalacci et al. 1999).    
Current mtDNA research into human genetic history consists of utilizing both 
RFLPs and HVS sequencing because both regions are inherited as a unit (Torroni et 
al. 1996). This approach enhanced mtDNA research because HVS sequencing 
information is kept intact but arranged according to its phylogenetic relationship 
through association with specific RFLPs. This relationship demonstrated that some 
HVS site specific polymorphisms always coincide with certain RFLP sites from the 
coding region. In addition, these associations allow for an evolutionary balance 
between the two mtDNA regions and permits researchers to verify their results. 
Recently, complete sequencing of the mtDNA genome has been applied to the 
understanding of human evolutionary history (Rieder et al. 1998; Tamm et al. 2007; 
Torroni et al. 2006, Kitchen et al. 2008, Achilli et al.2008). Complete sequencing 
allows for the highest possible phylogenetic resolution because each of the 16,569 
bases pairs of the mtDNA genome is identified in all individuals. However, the cost 
of this methodology often precludes it from being widely used at present. 
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Native American mtDNA 
 There are currently four major (A2, B2, C1, and D1) and five potential (C4c, 
D2a, D3, D4c, and X2a) founding mtDNA haplogroups identified in Native American 
populations (Tamm et al. 2007, Achilli et al. 2008). These haplogroups are 
characterized by RFLPs, sequence variation, and a 9 base pair deletion in the COII 
gene of the mitochondrial genome (Table 1). These haplogroups account for between 
95-100% of known mtDNA polymorphisms from indigenous Amerind populations 
(Schurr and Sherry, 2004). Variable frequencies of these haplogroups are found in 
North, Central, and South American populations. Six of these mtDNA haplogroups 
(A2, B2, C1, D1, D2a and X2a) have been identified in pre-Columbian skeletal 
materials found in North America (Fox 1996; Stone and Stoneking, 1998; O’Rourke 
et al. 2000; Gilbert et al. 2008). The remaining three mtDNA haplogroups (C4c, D3, 
and D4c) have not, as yet, been detected in skeletal populations because they have 
never been investigated. Haplogroup X2a is restricted to North American populations 
and has never been identified in any ancient or living Central or South American 
groups (Salzano 2002; Dornelles et al. 2005). These mtDNA haplogroups have also 
been found in low frequencies in indigenous populations from central and northeast 
Asia, suggesting this area as a potential source for maternal lineages in Native 
American populations (Schurr and Sherry 2004). Other researchers propose that these 
haplogroups do not represent all haplogroups present in the Americas prior to 
European contact. These researchers suggest that other founding haplogroups were 
lost due to severe depopulation that followed European contact and/or through 
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genetic drift (Bailliet et al.1994; Easton et al. 1996; Lorenz and Smith, 1996; 
Rickards et al.1999). Subsequent research on these indigenous populations 
documented that most of these unknown haplogroups were derivatives of haplogroups 
A-D, belonged to haplogroup X2a, or were the result of non-native admixture (Schurr 
and Sherry, 2004).  
Table 1: Correlation between coding region RFLP sites and control region variants in human mtDNA. 
Native 
American 
Haplogroup 
Geographic 
distribution 
16
11
1 
16
18
9 
16
21
7 
16
22
3 
16
27
8 
16
29
0 
16
29
8 
16
31
9 
16
32
7 
16
36
2 Coding Region RFLP sites 
CRS*  C T T C C C T G C T  
A2 Asia-America T   T  T  A  C +663 HaeIII 
B2 Asia-America  C C        9bp deletion 
C1 Asia-America    T   C  T  -13259/+13262 
HincII/AluI 
D1 Asia-America    T      C -5176 DdeI 
X2A Asia, Europe, 
America 
 C  T T      -1715DdeI 
*Revised Cambridge Reference Sequence (Anderson et al. 1981; Anderson et al. 1999) 
Mitochondrial DNA haplogroups occur in Native American populations in 
varying frequencies. Haplogroup A2 displays the most diversity and is divided into 
13 subclades (A2c, A2d, A2d1, A2d2, A2e, A2f, A2g, A2h, A2i, A2j, A2j1, A2k, and 
A2k1) (Achilli et al. 2008). A2 occurs at differing frequencies throughout the 
Americas but has also been detected in Siberian populations (Pakendorf et al. 2006; 
Tamm et al. 2007). Haplogroup B2 contains at least four sub-haplogroups (B2a-B2d). 
B2a is found throughout North America and is common among the Pima, Ojibwa, 
and Navajo. B2d is frequent in lower Central and northern South American 
populations and has been detected in both the Wayuú from Colombia and the Ngöbé 
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from Panama (Achilli et al. 2008). Haplogroup C1 is divided into three subclades 
(C1b, C1c, and C1d) located in populations throughout the Americas (Achilli et al. 
2008). Haplogroup C4c is only known from a single population (Ijka) in Colombia 
(Tamm et al. 2007; Melton et al. 2007). Haplogroup D2 consists of two sister 
subclades (D2a, D2b) with D2b being found only in Siberia and D2a only in Arctic 
and subarctic populations (Tamm et al.2007). Haplogroup X2a has only been found 
in North American populations but has yet to be detected in South American 
populations (Dornelles et al. 2005).  
A clinal distribution of mtDNA haplogroup data is evident in South America 
involving haplogroups A2 and D1. Haplogroup A2 occurs at high frequencies (>50%) 
in lower Central and northern South America, but is absent in native populations from 
the southern cone (Kolman et al. 1995; Moraga et al. 2002). Haplogroup D1 mirrors 
A2, with high frequencies in the south and almost a complete absence in northern 
populations (Fox 1996; Keyeux et al. 2002). One Central American population, the 
Huetar, show moderate frequencies of haplogroup D1 (26%), while populations from 
Argentina and Chile exhibit the highest frequencies (Santos et al. 1994; Fox 1996). 
Haplogroup B2 is detected in high frequencies among Andean populations, some 
populations from the Brazilian highlands and the Gran Chaco, but is absent from the 
southern cone (Ward et al. 1996; Moraga et al. 2000; Schmidt et al. 2004). 
Haplogroup C1 is absent in Central America but is detected in groups throughout 
South America, while it is at its highest frequency in the Caribbean among the extinct 
Tainos (75%) and Ciboney (60%) from Cuba (Lalueza-Fox et al. 2001; Lalueza-Fox 
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et al. 2003). Several South American populations lack one or more haplogroups 
reflecting the extent that genetic drift may have played in forming the mtDNA 
distribution in modern Native Americas (Schurr and Sherry, 2004). 
mtDNA and the origins of Native Americans  
There is a consensus that ancestral Native American populations originated in 
Asia and migrated to the Americas over the Bering Land Bridge during the 
Pleistocene. However, the Asian source(s), timing, and the number of migrations 
remain a matter of considerable scientific debate. Mitochondrial DNA has been used 
extensively to examine the initial peopling of the Americas in order to determine 
potential entry dates, number of migrations, and Asian sources for Native Americans. 
Early mtDNA RFLP research provided molecular dates between 35,000 – 20,000 
years ago (ya) for haplogroups A2, C1, and D1 (Schurr, 2004) and between 17,000-
13,000 ya for haplogroup B2 (Brown et al. 1998) suggesting two migrations. Recent 
studies based on full mtDNA genome sequencing have resulted in more refined 
molecular dates between 24,000 to 17,000 ya for haplogroups A2, B2, C1, D1 
(Achilli et al. 2008). These molecular coalescent dates provide further support for a 
pre-Clovis occupation of the Americas. According to the pre-Clovis model, humans 
entered the Americas from Siberia between 20,000-14,000 years before present 
(YBP, refers to radiocarbon dates and prior to 1950) and migrated along the Pacific 
coast (Dixon 1999; Dillehay 2000). However, these dates contrast with the “Clovis 
First” peopling model, that argues humans arrived later to the Americas around 
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11,000 YBP and migrated into the North American interior through an interglacial 
passageway (Bonnichsen and Turnmire 1992). 
Mitochondrial DNA has been used to develop models for the number of 
migrations into the Americas. The earliest mtDNA RFLP research suggested two 
major migrations to the New World. The first migration brought haplogroups A2, C1, 
and D1 found in Native American populations throughout the Americas and a later 
migration brought B2 along the Pacific coast from Siberia. However, B2 is absent 
among Eskimo-Aleuts and Na-Dene speaking populations (Torroni et al. 1992; 1993; 
Schurr and Wallace 1999) indicating that these new B2 populations either bypassed 
the Arctic and arrived by boat from Polynesia (Cann 1994), or that Eskimo-Aleuts 
and Na-Dene speakers represent a separate migration (Rubicz et al. 2003; Zlojutro et 
al. 2006). Subsequent research on the mtDNA HVS-I region argues for a single 
human migration into the Americas (Merriwether et al. 1995; Kolman et al. 1996; 
Bonatto and Salzano, 1997 Stone and Stoneking, 1998). The current favored 
explanation, based on full mtDNA genome sequencing, is the Beringian Incubation 
Model (BIM). This model maintains a small human population (~1,000 to 5,400) 
(Kitchen et al. 2008) migrated from Siberia to Beringia where they were isolated for a 
significant period of time and that these founding Amerindian mtDNA haplogroups 
developed in situ in Beringia (Tamm et al. 2007). Then after the Last Glacial 
Maximum (LGM) (~20,000 YBP), human populations migrated rapidly down the 
Pacific coast, and this is reflected in current Native American mtDNA diversity 
(Tamm et al. 2007; Kitchen et al. 2008). The BIM demonstrates a strong relationship 
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with a pre-Clovis archaeological explanation for the peopling of the Americas. This 
mtDNA/archaeological association is based on overlapping coalescent mtDNA 
(13,900 ± 2,700 ya) (Tamm et al. 2007) and early archaeological radiocarbon dates 
from Monte Verde (14,500 YBP), which is now widely accepted among 
archaeologists (Lavalleé 2000). However, more recent mtDNA coalescent dates for 
all Native American haplogroups place the origin of these groups between 20,200 ya 
(± 1,600 ya) and 19,000 ya (± 1,400 ya) (Achilli et al. 2008), which is earlier than the 
more controversial sites in the Americas, including those in South America.  
The majority of these migratory explanations argue for the peopling of the 
Americas as a combined occurrence and little research has focused on the peopling of 
South America as a separate evolutionary event. The South American continent was 
the last major inhabitable land mass populated by humans during the late Pleistocene 
and presents a number of ecological challenges (high altitude; tropical forest) that 
may have required significant cultural and biological adaptation.  
mtDNA and the Peopling of South America 
 Archaeological and genetic research indicates that South America was 
initially settled by humans by 14,000 YBP (Dillehay 1999; Dixon 2001; Fuselli et al. 
2003). However, there is no consensus on the number or timing of migrations into 
South America (Rothhammer and Silva 1989, 1992; Fox 1996; Lalueza et al. 1997; 
Luiselli et al. 2000; Moraga et al. 2000; Rothhammer et al. 2001; Tarazona-Santos et 
al. 2001). The peopling of South America remains largely unresolved because of the 
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unique distribution of genetic diversity and a number of controversial radiocarbon 
dates from archaeological sites (i.e, Taima-Taima 14,000 YBP, El Jobo 12,400 YBP, 
Pedra Furada 45,000 YBP) found throughout the continent (Lavalleé 2000). 
Indigenous South American populations inhabiting the eastern lowland regions 
demonstrate lower mtDNA genetic diversity values than those groups residing in or 
near the Andes (Lewis et al. 2007). Native eastern South American populations often 
lack one or more of the major mtDNA haplogroups, and exhibit low amounts of 
mtDNA haplotype diversity compared to western Andean groups. This difference in 
diversity values has led some researchers to suggest two migrations, one group 
moving along the Atlantic coast and inhabiting the East and a second group travelling 
down the Pacific and occupying the Andes (Fox 1996; Tarazona-Santos et al. 2001). 
An alternative view is that there was a single human migration during the late 
Pleistocene into South America with different evolutionary forces operating on 
eastern and western populations, accompanied with low gene flow between regions 
(Fuselli et al. 2003; Lewis et al. 2005; Lewis et al. 2007; Lewis and Long 2008). In 
this scenario, genetic drift (loss of diversity) is seen as the primary evolutionary force 
operating on eastern groups and gene flow (gain of diversity) is functioning on 
Andean populations (Lewis et al. 2007). This is based on a low amount of mtDNA 
haplotype diversity observed in eastern South American populations and being 
differentiated from each other based on mtDNA HVS-I sequences. Theoretically, this 
hypothesis is based on the idea that movement among populations is more feasible in 
the Andes than in the tropical forests of eastern South America. A third explanation is 
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that there was an initial migration of populations into the southern portion of the 
continent and a subsequent migration of Chibchan and Arawak speaking populations 
into northern South America and the Caribbean (Keyeux et al. 2002; Melton et al. 
2007). This view suggests that Chibchan groups spread into northern South America 
from Central America and that Arawak populations moved into the region from the 
Caribbean. An alternative these explanations, is that natural selection is operating on 
coding regions in some indigenous South America populations. However, this idea 
requires further evidence from genetic variation within the mtDNA coding region. 
Y-CHROMOSOME 
 The Y-chromosome is the male equivalent to mtDNA and is therefore a useful 
tool in evolutionary genetics studies. This chromosome includes the largest 
nonrecombining (95%) portion (NRY) of the human genome (Hammer and Zegura, 
2002), determines male sex, spans approximately 60 million bps, represents 1% of the 
nuclear genomic content, and contains 307 exons (Jobling and Smith, 2003). The Y-
chromosome is comprised of a heterochromatic centomere that separates the long 
(Yq) from the short arm (Yp) (figure 4). The NRY is flanked by two pseudoautosmal 
regions (PAR1 and PAR2) that undergo recombination with the X-chromosome 
during meiosis (Vogt et al. 1997). The genetically active part of the Y-chromosome, 
or euchromatin, contains the sex-determining region of the chromosome (SRY gene) 
which produces a transcription factor that turns on other genes involved in the 
development of the male testes from unspecified gonads (Graves 2002), and the 
AZFa, AZFb, and AZFc regions that have genes vital for sperm development. The 
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NRY ( also referred to as Male-specific region or MRY) provides a depiction of the 
evolutionary pressures that influence population structure and may be used as a tool 
for reconstructing coalescent and demographic events affecting a population from a 
paternal perspective (Jobling and Tyler-Smith, 2003).  
The earliest molecular characterization of the Y-chromosome was done with 
RFLP analysis, but this method identified 60 polymorphisms, only eleven of which  
could be determined through traditional PCR methods (Hammer 1994; Seilstad et al. 
1994; Hammer and Horai 1995; Santos et al. 1995; Whitfield et al. 1995; Jobling et 
al. 1996; Underhill et al. 1996). One reason for this reduced RFLP number is that the 
 
Figure 4: Schematic diagram of the Y-chromosome (Jobling et al. 2004). PAR1 and PAR2 are labeled 
on the top and bottom of the chromosome. Boxed area in the center contains the NRY (MRY) region. 
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NRY has fewer polymorphisms than any other portion of the human genome 
(International SNP Map Working Group 2001). With the application of denaturing 
high performance liquid chromatography (DHPLC) in the late 1990s, the number of 
identified polymorphisms in the region increased to over 200 SNPs and 
insertion/deletions (indels) (Underhill et al. 1997, 2000; Shen et al. 2000). These 
polymorphisms are especially useful due to their low levels of reticulations, which 
make them ideal for detecting stable paternal lineages that can be traced back 
thousands of years (Karafet et al. 1999; Thompson et al. 2000). This new application 
led to an increased number of investigations into Y-chromosome variation and its role 
in understanding human genetic history. However, often these researchers did not 
consistently use the same markers and applied different nomenclature making it 
difficult to interpret their results (Hammer and Zegura, 2002). The resulting differing 
nomenclatures necessitated the formation of the Y-Chromosome Consortium (YCC) 
(2002) in order to develop a consistent naming system for this genetic region. This 
YCC nomenclature was then updated again in 2008 (Karafet et al. 2008). 
Currently, paternal lineages associated with Y-chromosome variation are 
characterized by derived mutations at a given biallelic locus (SNPs or indels). The 
current NRY haplogroup nomenclature (figure 5) consists of haplogroups identified 
by 21 capital English letters (A-T, and Y) and the primary SNP or indel that defines it 
(e.g, Q-M3) (Y-Chromosome Consortium 2002). The M refers to a mutation and the 
P refers to a polymorphism (Hammer and Zegura, 2002). Further categorization of 
these haplogroups can be made through the utilization of STRs. When compared to 
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the biallelic markers, these STRs aid in the estimation of population divergence, 
admixture and ancestry in determining the origins and microevolutionary forces 
affecting Native American populations. 
 
Figure 5: Geographic location of major Y-chromosome haplotypes in the World (Karafet et al. 2008) 
Native South Americans are considered entirely haplogroup Q-M3 and Native Australians and New 
Guineans belong entirely to haplogroup K.  
 
Native American Y-Chromosomes 
While the YCC nomenclature (Karafet et al. 2008) has been successfully used 
to identify Y-chromosome mutations, there are still discrepancies when applied to 
Native American populations. A number of recent studies investigated Y-
chromosome variation in the Americas (Karafet et al. 1999; Lell et al. 2002; Bortolini 
et al. 2003; Zegura et al. 2004). A problem with these investigations is that they often 
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use different numbers of biallelic markers and STRs, as well as a separate 
terminology when applying the Y-chromosome nomenclature to Native American 
populations. When compounded these differences make it difficult to compare data or 
to relate it new research findings. As an example, Schurr (2004) suggests five 
founding Native American Y-chromosome haplogroups (Q-M3, R1a1-M17, P-M45, 
F-M89, and C-M130) that are also present in Siberia. Whereas, Zegura and 
colleagues (2004) claim that Native American populations are characterized by the 
presence of only three Y-chromosome haplogroups: (Q (M3 and P36) and C-P39) 
along with a third haplogroup R that is believed to represent Eurasian admixture. 
Schurr (2004) relied heavily on results from Lell et al. (2002) who investigated 12 
biallelic markers and four STRs in 549 individuals from Siberia and the Americas. 
Wheras Zegura et al. (2004) examined 63 binary markers and 10 STRs from 2,344 
individuals. The higher number of binary markers and STRs applied in Zegura et al.’s 
(2004) article has been adopted by the most recent YCC nomenclature (Karafet et al. 
2008) and will be applied in this dissertation. Both these researchers demonstrate that 
haplotypes belonging to haplogroup Q represent the majority of all Native American 
Y-chromosome diversity (Schurr 2004; Zegura et al. 2004). Haplogroup Q-M3 
(52.6%) shows the widest spatial distribution and is generally at the highest frequency 
in all Native American populations (Lell et al. 1997; Karafet et al.1999; Lell et al. 
2002; Zegura et al. 2004). Underlying STR haplotypes associated with the Q-M3 
haplogroup also reveal significant differences in distributions among North, Central, 
and South American populations (Schurr 2004). A second major Q haplogroup (P36) 
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occurs in approximately 24% of Native American populations and is found in 
indigenous North American groups (Zegura et al. 2004). However, its distribution in 
South American groups is unknown as Zegura et al. (2004) only included a single 
population (Wayuú) from this continent and all other investigations of Y-
chromosome diversity in the region only investigated Q3 (Tarazona-Santos et al. 
2001; Demarchi and Mitchell 2004).  
The two remaining major Y haplogroups (R and C) found in the Americans 
constitute 20% of Amerindian variation and are largely restricted to North and 
Central American populations (Zegura et al. 2004). Haplogroup R (13.4%) is widely 
distributed throughout North and Central America but is thought to be the result of 
European admixture over the last 500 years (Zegura et al. 2004). This Y-chromosome 
haplogroup is believed to have arisen in Southwest Asia between 30,000 and 35,000 
YBP and spread into Europe with migrating farmers (Kivisild et al. 2003).The most 
common derivative Y-chromosome haplogroup detected in Native Americans is R1b. 
This haplogroup is in its highest frequencies (>70%) in Iberian (Spain, Portugal) and 
northwestern European populations (British Isles, France, Germany, Scandinavia). 
Haplogroup C (5.4%) is found primarily in Na-Dene speaking groups from the 
southwest of North America but has also been detected in the Wayuú of Colombia 
(Zegura et al. 2004). This haplogroup appears to be a founding haplogroup as those 
Native American populations with the P39 SNP mutation cluster separately from 
other European and Asian populations (Zegura et al. 2004). However, Amerindian 
populations belonging to R haplogroups show a random pattern and are often 
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associated with European populations indicating male admixture in these groups 
(Zegura et al. 2004). 
Other Y-chromosome haplogroups have also been found in Native American 
populations but are thought to be the result of recent admixture with African, 
European or Asian populations (Zegura et al. 2004; Schurr 2004). Schurr (2004) 
defines haplogroup F-M89 as a founding Native American haplogroup, but this has 
only been detected by Lell et al. (2002) who identified low frequencies in two Native 
American populations (Seminole and Boruca). However, this may be attributed to 
admixture, as F is a Y-macrohaplogroup (found over a large geographic range) that 
has been identified throughout Asia and Europe (Karafet et al. 2008). 
Y-Chromosomes and the peopling of the Americas 
As with molecular data from mtDNA, information from the Y-chromosome 
has been used to investigate the origins and migration patterns of Native American 
populations. Research on Native American Y-chromosomes has suggested that 
specific markers may derive from two sources in Siberia. However, once again 
differing terminologies often lead to confusing interpretations when contrasting the 
different peopling of the Americas ideas proposed from Y-chromosome variation. 
Schurr (2004) states that those populations belonging to Y haplogroups Q-M3 and Q-
P36 derive from the ancestral state P-M45a and that these populations could be traced 
to central Siberia. Both these regions contain frequencies of haplogroup Q, which 
derive from the larger haplogroup P (Karafet et al. 2008). Schurr (2004) also suggests 
that those belonging to Y haplogroups C and R were derivatives of haplogroup P-
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M45b that originated in Northeastern Siberia. However, this is based on the mistaken 
assumption that Y-chromosome haplogroup C is included within the larger P 
macrohaplogroup, which it is not. Rather, it is included within the older F 
macrohaplogroup (Karafet et al. 2008). Despite these inconsistencies, current 
research on Y-chromosome genetic variation has suggested some important findings 
regarding genetic variation in Amerindian populations. 
Both mtDNA and Y-chromosome polymorphisms point to a Siberian origin 
for Native Americans, but the general geographic location is unclear and does not 
take into account the proposed mtDNA Beringian incubation model (BIM). The 
majority of Native American populations belong to Y-chromosome haplogroup Q, 
which provides the most consistent molecular dates for entry into the Americas. 
Molecular dates for haplogroup Q range from 30,000 ya (Underhill et al. 1996) to 
17,200 ± 3,200ya (Zegura et al. 2004). The latter date is compatible with a Pre-Clovis 
archaeological model for the peopling of the Americas (Dillehay 2000) and also 
overlap with recent mtDNA molecular dates (Achilli et al. 2008). Early research on 
Native American Y-chromosome variation supported a single migration of people 
into the New World. In addition, molecular dates for haplogroup C date to around 
27,500 ± 10,200 YBP and haplogroup R to around 16,300 ± 4430 ya (Hammer and 
Zegura, 2002). These dates would appear to support a single, post last glacial 
maximum (LGM) entry into the Americas but other migration models have also been 
proposed (Karafet et al. 1999; Tarazona-Santos et al. 2001; Lell et al. 2002).  
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Research into the number of migrations based on Y-chromosome data usually 
favors one or two migrations. The earliest research on Y-chromosomes in the 
Americas was used to support a single migration (Pena et al. 1995; Santos et al. 1995, 
1996; Karafet et al.1997; Lell et al. 1997). This idea was based on the high frequency 
of haplogroup Q-M3 individuals found in Native American populations from Alaska 
to Argentina. However, this research was often based on a low number of Y-
chromosome polymorphisms or number of populations sampled. Karafet et al. (1999) 
investigated potential paternal peopling models and identified two possible sources in 
Siberia for Native Americans (the Lake Baikal and Altai regions). These researchers 
argue for two migrations into the Americas, with further support by Lell et al. (2002). 
Both these groups of authors suggest that the presence of Y-haplogroup Q throughout 
the Americas point to an early migration and that because Y-haplogroups R and C 
were restricted to North and Central America these latter haplogroups were 
representative of a later migration originating in Northeast Siberia (Lell et al. 2002). 
The absence of haplogroup C in South American populations is not entirely accurate 
as it has been found in the Wayuú, indicating that its absence may be due to lack of 
investigation. In addition, if haplogroup R represents Native American admixture, it 
is often removed from phylogenetic analysis (Tarazona-Santos et al. 2001; Ruiz-
Narvaez et al. 2005). Zegura et al. (2004) challenged the two migration model based 
on their phylogenetic analyses of STR haplotypes and argue that a single migration 
best represents the available data. They also argue for a central Siberian homeland for 
Native Americans. While indigenous South American populations have always been 
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included in the Y-chromosome studies of the earliest Americans, only a single study 
has used this marker to investigate the peopling of South America (Tarazona-Santos 
et al. 2001).  
Y-Chromosomes and peopling of South America 
 The reason for this lack of study of Y-chromosome variation in South 
American indigenous populations is the low amount of diversity seen in these groups. 
A study by Bortolini et al. (2003) investigated 23 South American populations and 
found 13 of these groups were 100% Q-M3, while the remaining ten were at least 
60% haplogroup Q. A similar finding was made by Lell et al. (2002) who identified 
three out of seven South American populations that were 100% Q-M3 and only one 
population under 50%, the Yanamamo (26.7% Q-M3). The low amount of Y-
chromosome diversity is sometimes attributed to a single migration into the South 
American continent but others have argued for multiple migrations. Tarazona-Santos 
and colleagues (2001) are the only current researchers to focus on the evolution of 
paternal lineages in South America. These researchers investigated a single SNP and 
six STRs in twelve South American groups but only investigated those individuals 
belonging to haplogroup Q-M3. These authors proposed a differential model of 
evolution for paternal lineages in South America involving gene flow in the Andean 
region and genetic drift in the Amazon and Gran Chaco regions. This explanation is 
supported by similar evidence from mtDNA haplotype diversity (Fuselli et al, 2003; 
Lewis et al. 2004; Lewis and Long 2008) and has been used to support a single 
migration into South America. Tarazona-Santos et al. (2001) also indicate that their 
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model is consistent with linguistic and paleoecological evidence available from South 
America, but they do not fully develop this proposed relationship through statistical 
tests nor do they offer any phylogenetic support for their idea.  
LANGUAGE AND THE PEOPLING OF THE AMERICAS 
 Over the last twenty years, a number of attempts have been made to model the 
peopling of the Americas using linguistics (Greenberg et al. 1986; Greenberg 1987; 
Campbell 1997; Ruhlen 1992; Nichols 2002). The two models most often used in 
anthropology are Greenberg et al.’s (1986) “three wave” and Nichols’ (2002) “Pacific 
Rim” hypotheses. By far the most well known of these models is, the “three wave” 
hypothesis, argued for by Greenberg and colleagues (1986). This idea suggests that 
three major linguistic families gave rise to all existing and extinct Native American 
languages. These three language families were named Amerind, Na-Dené, and 
Eskimo-Aleut. The Amerindian group included the majority of Native American 
populations from North and South America, while Na-Dené groups inhabited portions 
of the northwest and southwest in North America, and Eskimo-Aleut speakers were 
isolated to Alaska and the Arctic circle. Greenberg et al. applied sound 
correspondence and a glottochronological method to suggest that Native Americans 
arrived in three successive migrations from Siberia. This scenario inferred that 
Amerindian populations arrived around 11,000 ya as big game hunters and were 
associated with the Clovis culture that had originated in the Lena River basin in 
Siberia and passed over the Bering Land Bridge. Another subsequent migration 
occurred when Na-Dené populations arrived between 7000-10,000 ya, and these 
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groups were associated with the Paleo-arctic archaeology tradition. Populations of the 
Na-Dené language family were suggested to have originated in the forested region 
between the Lena and Amur river basins and migrated to Alaska prior to the flooding 
of the Bering land bridge. A third migration involved final Eskimo-Aleut speakers 
who arrived between 8500-10,000 ya from the lower Amur region and migrated along 
the southern coast of the Bering land bridge.  
Greenberg’s classification of American Indian languages is widely used by 
anthropologists but has suffered numerous criticisms from fellow linguists (Chafe 
1987; Goddard; 1987; Campbell 1988; Nichols 1990). These linguistic criticisms 
have questioned the legitimacy of lumping the vast majority of Native American 
languages into a single Amerindian family as well as the validity of glottochronology. 
One criticism is the use of sound correspondence, that only allows for a language 
decay rate of between 8000 to 12,000 ya (Bateman et al. 1990). This linguistic decay 
rate is indicative of the weaknesses in applying the study of language to deep time. 
According to the glottochronological decay rate applied in the “three wave” model, 
the oldest a Native American language could be is 12,000. This linguistic rate 
artificially supports a Clovis entry into the Americas, as populations belonging to this 
archaeological time period are known to have existed within this time frame. 
However, an earlier entry date would be impossible to calculate as languages that 
may have pre-dated the current linguistic diversity in the Americas have gone extinct 
(Schurr 1999). There is considerable evidence of a pre-Clovis migration to the 
Americas from both archaeology (Dillehay 2000) and molecular genetics (Schurr 
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2004) that support human occupation between 15,000 and 20,000 ya. This sound 
correspondence method indicates that language diversity may be useful in 
understanding recent human history but not for recognizing older demographic 
events. In addition to these linguistic criticisms, numerous studies from molecular 
genetics using mtDNA (Merriwether et al. 1995; Bonatto and Salzano 1997; Rubicz 
et al. 2002; Tamm et al. 2007), Y-chromosome (Karafet et al. 1999; Lell et al. 2002; 
Bortolini et al. 2003; Zegura et al. 2004) and autosomal markers (Schroeder et al. 
2007; Wang et al. 2007) have refuted the idea of three migrations and instead have 
indicated one or two migrations for the origins of Native American populations. 
 The second major linguistic model for the origin of Native American 
populations, Nichols’ “Pacific Rim” hypothesis (1992; 2002), also attempts to 
reconstruct the pattern of linguistic diversity in northern Asia and the Americas. This 
explanation applied structural features (dominant alignment, word order, and 
complexity) in order to calculate the frequency of these attributes over broad 
geographic areas. These resulting frequencies were then tabulated in order to 
approximate linguistic colonizations and the amount of time for the present linguistic 
diversity to appear within a given geographic region (Nichols 1992). Using this 
model, Nichols estimated the spread of linguistic stocks to occur every 2,000-5,000 
years, or on average a new linguistic family evolving every 3,500 years. Based on the 
number of language families in the Americas, the initial colonization of the Americas 
was determined to be approximately 37,500 ya with multiple migrations. This 
linguistic model suggests that as language families spread in the Americas, existing 
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populations were displaced and forced to migrate to interior regions of the continent. 
Nichols (2002) also inferred that, due to high linguistic density among populations 
inhabiting the Pacific Rim versus the American continental interior, coastal regions of 
eastern Asia were the source populations for Native Americans. Other linguists 
argued that the assumption that structural features evolve in linear fashion with time 
are not valid and high linguistic diversity in the Americas is more compatible with 
recent human colonization (Nettle 1999). This “Pacific Rim” linguistic model is also 
not supported by evidence from molecular genetics. The majority of genetic evidence 
points to a Siberian (Schurr et al. 1990; Torroni et al. 1993; Lell et al. 2002; ; Zegura 
et al. 2004; Schroeder et al. 2007) origin for Native American populations and not to 
Asian coastal populations. 
 Both these linguistic explanations have been criticized for making sweeping 
generalizations regarding the peopling of the Americas because they are not 
compatible with data from other scientific disciplines. These linguistic models over or 
under estimate the timing of the peopling of the Americas based on current 
archaeological and genetic evidence and lump large amounts of linguistic diversity 
into overly general classification systems. However, this does not imply that genetic 
research cannot be criticized for making these same generalizations. Modern humans 
as a species, are defined by the intersection of their biological and cultural histories 
that has clearly impacted their evolutionary history. An alternate approach to 
understanding the role of linguistics in human evolutionary history is to understand 
the relationship of genes and language within a specific language family. This 
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microevolutionary methodology is useful for understanding a single or small group of 
languages within a geographic region and correlating this diversity with evidence 
from genetics, archaeology, and known demographic or historical events. This latter 
method allows for the understanding of biocultural diversity within a given 
geographic area and the testing of hypotheses in order to draw inferences upon past 
events of historical or evolutionary significance to a region’s current inhabitants. 
Native American populations belonging to the Chibchan language family of lower 
Central and northern South America provide an opportunity to understand this 
biocultural relationship between genes and languages. These populations have  well 
defined archaeological (Hoopes and Fonseca 2003), linguistic (Constenla 1991; 1995) 
and genetic (Barrantes et al. 1990; Kolman and Bermingham 1997; Melton et al. 
2007) histories that allow for determining if this gene-language relationship is present 
in these groups or if the perceived relationship is based on the lack of genetic research 
on neighboring populations.  
GENES AND LANGUAGE 
 Anthropological geneticists and linguists are interested in the parallels 
between linguistic and genetic evolution. Generally, people who speak languages 
within the same linguistic family and people who live within close proximity share 
similar gene frequencies. This gene-language association has often been used to 
imply evolutionary relationships among populations. There are two possible 
explanations for these gene-language connections: 1) processes leading to linguistic 
division also brought about genetic differentiation (i.e, population expansion); or 2) 
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linguistic variation among populations operate as a reproductive barrier making 
geographic neighbors biologically distinct (Barbujani and Sokal, 1990). These gene-
language associations have been exhibited using classical and molecular genetic 
markers for several geographic regions including; 1) Africa (Excoffier et al. 1991); 2) 
Arctic (Crawford and Duggirala 1992); 3) Europe (Menozzi et al. 1978); 4) North 
America (Suarez et al. 1985); and 5) Siberia (Crawford et al. 1997). While these 
gene-language associations have been demonstrated in other global areas, research 
into the gene-language relationship among Native South American populations has 
often led to dissimilar outcomes. 
 Traditionally, investigators in South America have been unable to find a clear 
association between the distribution of genes and languages on the continent (Black 
1991). This has led some researchers to advocate genetic drift as the principal 
evolutionary mechanism shaping the underlying population structure throughout the 
entire continent (O’Rourke and Suarez 1986; Black 1991; O’Rourke et al. 1992). 
These researchers used classical genetic polymorphims to argue that South American 
environments (high altitude and tropical forests) are poorly adapted to human 
subsistence. According to this explanation, marginal ecosystems have led to small 
effective population size and greater genetic differentiation among groups creating an 
absence of any genetic-linguistic associations. Other researchers agree that genetic 
drift is the primary force, but have argued that South American gene-language 
connections do exist but are only detectable over short geographic distances rather 
than at the continental level (Luiselli. et al. 2000; Fagundes et al. 2002; Hunley and 
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Long 2007). Recent studies using molecular markers (mtDNA and Y-chromosome) 
have supported the idea of genetic drift as the primary evolutionary force in the 
Amazon region, but have argued for gene flow along the Andes in western South 
America (Tarazona-Santos et al. 2001; Fuselli et al. 2003; Lewis et al. 2004; 2007; 
Lewis and Long 2008).  
One geographic region that may have an important effect on this relationship 
is Central America. Indigenous populations in this area are informative because they 
bridge the two American continents. Furthermore, the linguist Johanna Nichols 
(2002) has identified a linguistic hub using structural features in the Gulf of Mexico 
or eastern Caribbean. This linguistic hub contains connections that reach out to 
eastern South and eastern North America. In fact, this connection contains strong 
linguistic bonds among Central America, eastern South America, and the North 
American southeast. According to this idea, the bond between Central America and 
the North American southeast is so strong that this latter geographic region should be 
considered a linguistic offshoot of Central America. Therefore, understanding the 
linguistic and genetic relationships of Central America may have important 
consequences for understanding the post colonization population dynamics of the 
Americas.  
Previous research on the relationship between genes and language in Central 
America has been sparse, with only Chibchan populations exhibiting a clear genetic 
linguistic association (Barrantes et al. 1990; Kolman and Bermingham 1997; Kemp 
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2006; Melton et al. 2007). This lack of study may be due to the common 
misconception that the majority of indigenous populations in the region are extinct or 
have been assimilated into the larger Hispanic populations of these countries. There 
are currently 56 Native American populations in Central America divided into seven 
linguistic families and three language isolates (Lenca, Xinca, and Tolupan) (Campbell 
et al. 1976; Constenla 1991; 1995; Brignoli 2005). These languages may be further 
divided into two broad linguistic areas, which include the Mesoamerican and Isthmo-
Colombian regions (Campbell et al. 1976; Constenla 1991; Hoopes and Fonseca 
2003). A linguistic area is defined as a continuous geographic area where linguistic 
features are shared by a number of different languages or various language families 
(Campbell et al. 1986). The Mesoamerican linguistic area (figure 6) is characterized 
by relational nouns, a base 20 numerical system, and a verb-final syntax. 
Mesoamerica includes languages from the Mayan, Uto-Aztecan, Oto-Manguean, 
Mixe-Zoquean, and Misumplan families (Campbell et al. 1986). Mayan languages are 
spoken in southern Mexico, Guatemala, and Belize and are represented by 28 
languages spoken by approximately 6 million people (Ibarra-Rivera et al. 2007). Uto-
Aztecan is one of the largest linguistic groups in the Americas and spreads from 
Central America into the Great Basin region of western North America (Campbell 
1979). Currently, Oto-Manguean languages are spoken in Mexico but were once 
spoken as far south as Nicaragua and included the extant populations of Chorotega 
and Subtiva (Campbell 1997). Mixe-Zoquean languages are spoken along the 
Tehuantepec isthmus in Mexico (Campbell and Kaufman 1976).  
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Figure 6: Mesoamerican Linguistic Area and geographic localities of populations found within the 
region (Wikipedia.org) 
 
The second major linguistic area in Central America is termed the Isthmo-
Colombian area and is defined as the area from eastern Honduras to the shores of 
Lake Maracaibo in Venezuela (figure 7). This linguistic region has also been termed 
the Intermediate Area, lower Central America, and the Chibchan Historical Area but, 
numerous problems have arisen with these alternate classification schemes as they are 
largely based on artificial geographic boundaries or the exclusion of specific 
populations (Hoopes and Fonseca 2003). This language area contains indigenous 
populations primarily belonging to the Chibchan linguistic stock but also contains 
groups from the Misumplan, Paez/Barbocoan and Chocoan language families. The 
Chibchan language family is divided into four subfamilies and is spoken from eastern 
Honduras to Venezuela. Chocoan languages are a small group of languages spoken 
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from Panama to Ecuador along the Pacific coast (Campbell, 1997). Misumplan 
languages are spoken in eastern Nicaragua. This linguistic family consists of two 
extant (Miskito, Sumo) and one extinct language (Matagalpa) (Hale and Salamanca, 
2001). Paez is a language family from central Colombia. In addition, three language 
isolates occur in Central American and include Xinca from Guatemala, as well as 
Lenca and Tolupan from Honduras (Campbell, 1997). All of the languages within this 
region are thought to have connections to Chibchan languages and therefore the 
understanding of the gene-language association within this language family has 
important implications for understanding population structure within Central 
America.  
 
Figure 7: Isthmo-Colombian region, dark shade areas show locations of Chibchan populations 
(Hoopes 2005). 
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The Chibchan language family is divided into four subfamilies (figure 8) and 
includes: 1) Pech (Paya) spoken in eastern Honduras; 2) Votic, spoken along the 
Caribbean coast of Nicaragua and northern Costa Rica; 3) Isthmic, spoken in Costa 
Rica and Panama; and 4) Magdalenic, spoken in northern South America. Chibchan 
languages are thought to have diverged from related linguistic families in Central 
America approximately 7,000 ya and are believed to have originated in either Costa 
Rica or Panama. The Isthmic subfamily displays the highest amount of Chibchan 
language diversification and, based on the principle that areas with higher levels of 
diversity are older, would suggest this region is where the language originated. The 
fragmentation of these Chibchan subdivisions is believed to have begun around 5,000 
ya with divisions evident by 4,000 ya. This linguistic differentiation is thought to 
have occurred due to a subsistence shift to agriculture and an adaptation of a 
sedentary lifestyle that is associated with this time period (Constenla 1991).   
 
 
 
 
 
 
 
 
         
Figure 8: Hierarchical diagram of languages in the Chibchan linguistic family. Existing languages are 
in black and extinct languages shown in red italics (Constenla 1991).    
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 This view suggests that geographic areas within regions of agricultural 
development will demonstrate higher linguistic diversity and spread faster along 
latitudinal axes than in a north-south direction. However, according to Diamond and 
Bellwood (2005) this basic premise is complicated by five issues that make total 
acceptance of this idea difficult. These six issues are the: 1) potential of genetic 
admixture between hunter/gathers and expanding farmers; 2) adoption of agriculture 
by hunter-gatherers on the periphery of the agriculturalist’s territory; 3) reversion of 
agriculturists to a hunter-gathering subsistence strategy; 4) replacement of the 
farmer’s language in its homeland; and 5) expansion of hunter/gathers groups. While 
there are clear complexities in accepting this explanation, it does provide for the 
testing of questions regarding the distribution of modern day Native American 
language families, genetics and their association with the origins of agriculture in the 
Americas. A goal of this dissertation is to determine if this explanation can be 
extended to the understanding of Chibchan population dispersal in Central and South 
America or if these groups adopted agriculture from neighboring tribes.  
THE ORIGINS OF AGRICULTURE IN THE AMERICAS 
 The traditional view regarding the origins of agriculture in the Americas is 
that it occurred later in time than either the Middle East or China and, due to 
geographic boundaries, it was more diffuse in its adoption by hunter-gatherers than in 
other parts of the world. Evidence for the transition to agriculture is often determined 
by the appearance of ceramics within a given archaeological site and the appearance 
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of a widespread use of small number of plant domesticates (Bellwood 2005). Within 
the Americas this cultural transition occurred with either the presence of maize or 
manioc and is suggested to have led to the independent development of agriculture in 
different areas of North and South America rather than radiating out from a central 
region. There are currently four independent regions of agricultural development 
identified in the Americas. These four regions include the 1) Andean region of coastal 
Ecuador, Peru, Bolivia, and northern Chile; 2) Middle America region from northern 
Colombia to Mexico; 3) Southwest region of the United States; and 4) Eastern 
Woodlands of North America (figure 9) (Bellwood 2005).  Agricultural development  
 
 
 
 
 
 
 
 
 
Figure 9: Distribution of agricultural regions in the Americas and their extent (modified from 
Diamond and Bellwood 2003) 
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in the Andes is thought to have begun with the Valdiva cultural complex beginning 
around 6000 YBP along the arid coast of Ecuador. Agriculture in Middle America is 
suggested to have begun around 4000 YBP and stretched from central Mexico to 
western Honduras. This date is also congruent with the presence of agriculture in the 
North American Southwest, which is also thought to have begun about 4000 YBP. 
The last place of agricultural development in the Americas was the Eastern 
Woodlands of North America which began about 1000 YBP. Both the North 
American Southwest and Eastern woodlands may have been heavily influenced by 
the spread of agriculture from Mesoamerica, and both may have linguistic 
associations with this region (Nichols 2002). Some researchers have suggested that 
the spread of plant domesticates to both the American southwest and the Eastern 
Woodlands originated in Middle America and subsequently spread into these regions 
(Bellwood 2005). New evidence from paleoecology is challenging the traditional 
viewpoint of the origins of agriculture in the Americas and suggests that there are 
only two major areas of independent development, the Andes and Mesoamerica 
(Piperno and Pearsall 1999). In addition, current archaeological evidence in the 
Americas suggests that plant domestication may have preceded the development of 
ceramic technology (Cooke 2005). These new research findings have altered the 
traditional view regarding New World agricultural development. 
The current opinion regarding the earliest origins of agriculture in the 
Americas is that it began gradually in the lowland deciduous forests of Central and 
northern South America between 10,000 – 11,000 YBP (Piperno and Pearsall, 1998). 
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This subsistence shift to an agriculture lifestyle was precipitated by climatic changes 
at the end of the Pleistocene and ecological changes in the region, as dry habitats 
became wetter and heavily forested. This subsistence shift occurred slowly with the 
use of small house gardens amid shifting agricultural fields and the absence of 
domesticated animals. Then, around 7,000 YBP, large scale food production 
emerged. The beginnings of slash and burn agriculture are evident in the 
paleoecological record (Piperno and Pearsall, 1998). This idea is not a new suggestion 
and is in fact an updated version of theories proposed earlier by both Sauer (1952) 
and Lathrap (1970). However, this view differs from that of MacNeish (1992), who 
favored an origin of agriculture in the Americas in the semi-arid central Mexican 
highlands along with the development of maize based agriculture. However, it is now 
evident that teosinte, considered the ancestor to maize, was absent in the 
Mesoamerican highlands until at least 6,000 YBP and was probably first cultivated in 
the lowlands of Mexico (Pohl et al. 1996; Buckler et al. 1998; Piperno and Flannery 
2001). This absence is more supportive of a lowland tropics origin of maize 
agriculture than for a Mesoamerican highland source. Agriculture is thought to have 
developed independently in the three other areas of the America at later dates. 
Therefore, understanding the distribution of linguistic and genetic diversity in Central 
America has important implications for understanding the movement of plant 
domesticates throughout the Americas. 
The lowland tropical region of Central America is one of the independent 
global regions of agriculture in the Americas. This cultural development clearly had a 
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significant impact on the genetic structure and linguistic diversity of populations in 
the region. A number of regional Mesoamerican language families are thought to 
have dispersed along with agriculture and include Oto-Manguean, Chibchan, Mayan, 
Mixe-Zoquen, and Uto-Aztecan (Bellwood 2005). Early languages associated with 
the Oto-Manguean family are thought to have originated between the valley of 
Mexico and Oaxaca in modern day Mexico. Populations within this language family 
then began to expand but were hemmed in by Mayan and Mixe-Zoquean speakers in 
the region expanding at the same time (Bellwood 2005). The Mayan language family 
originated in the highlands of Mexico and Guatemala beginning around 4,000 YBP 
(Campbell 1997). Other linguistic researchers have suggested that these groups were 
all interrelated at one time into a larger Proto-Mesoamerican linguistic group that was 
included with Uto-Aztecan that subsequently splintered into different language 
families after the intensification of agriculture in Mesoamerica (Witkowski and 
Brown 1981). By far the best evidence for the simultaneous expansion of a language 
family and agriculture in the Americas is Uto-Aztecan. This language is found in 
Native American populations ranging from the Pacific coast of Nicaragua to the 
Southwest United States and offers a clear potential for understanding the relationship 
among languages, genes, and agricultural expansion. 
Traditionally, the Uto-Aztecan linguistic family is thought to have originated 
in the Great Basin region of North America and then spread south into Mesoamerica. 
However, the majority of historic populations in the Great Basin are hunter-gatherers 
and not agriculturalists. Recently, others have suggested a southern origin of Uto-
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Aztecan populations (Hill 2002), and when these groups migrated into agriculturally 
inhospitable habitats (i.e, Great Basin, Sonora desert), they reverted back to being 
hunter/gatherers. One genetic study has tested the “First Farmer” idea in the Americas 
and investigated the relationship between the American southwest and central Mexico 
using mtDNA diversity (Kemp 2006). This research detected no maternal genetic 
relationship between southern and northern Uto-Aztecan populations. However, more 
evidence is needed to support or refute this hypothesis in Central America. Uto-
Aztecan groups also migrated along the Pacific coast of Mesoamerica, and 
ethnohistoric accounts indicate that Aztec traders were also found along the 
Caribbean as far south as Panama (Cooke 1997). This may indicate some cultural and 
biological interaction between Mesoamerica and lower Central America, but a lacuna 
of molecular genetic data in indigenous populations from Honduras and Nicaragua 
makes biological characterization difficult. Another possibility is that Chibchan 
populations also spread with the development of agriculture from Central America 
into South America, but this explanation has only been hinted at through cursory 
evidence from linguistics (Constenla 1991; 1995), archaeology (Cooke 2005), and 
classical genetic polymorphims (Barrantes et al. 1990). 
The present day distribution of Chibchan populations spanning the Central 
American land bridge and into northern South America demonstrates their importance 
for understanding the dispersal of both people and cultural traits through the region. 
There is significant paleoecological and archaeological evidence for the presence of 
domesticated plant material from the central Pacific site of La Yeguada in Panama 
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beginning around 9,000 YBP (Piperno and Pearsall 1998; Cooke 2005). Subsequent 
cultural developments between 7,000-4,500 YBP brought several plants domesticated 
from outside the region, including maize, manioc, squash, and possibly bean, which 
appear in the archaeological record at La Yeguada. There are two alternative 
explanations for how these plants arrived in Panama: 1) they were traded for from 
outside neighboring populations; or 2) they were brought into this region by 
expanding agriculturists who replaced existing hunter-gatherer populations (Cooke 
2005). The presence of a sedentary lifestyle led to a population increase that is 
demonstrated in the archaeological record. In lower Central America, ceramics appear 
in the archaeological record of both Panama and Costa Rica at approximately 4,000 
YBP (Cooke 2005). The occurrence of pottery is important because it is 
demonstrative of long term sedentary occupation and an increase in population size in 
the region (Cooke 2005). Early agriculturists in the region are believed to have spread 
from the Pacific foothills into the Caribbean region between 3,000-2,000 YBP, 
although it is pertinent to point out that due to different microclimates in the region, 
populations within the Caribbean may have been more reliant on root crops such as 
manioc than on maize (Baldi 2001; Cooke 2005).  
Social stratification in lower Central and northern South America began to 
take place at approximately 2,500 YBP when jadeite appears in burials and rich 
residences appear in archaeological sites throughout the region (Hoopes 2005). At 
European contact in the early 15th century, lower Central and northern South America 
were fully developed agricultural communities with high population densities. 
51 
 
However, they were rapidly decimated by disease and the severity of Spanish 
colonization (Cooke 1997). Therefore, the importance of Chibchan populations in 
understanding the complexity of Pre-Columbian cultural history in the Americas has 
been neglected by researchers more interested in the state level societies in 
Mesoamerica and the Andes. 
SUMMARY 
 This chapter reviewed current explanations for the peopling of the Americas 
based on mtDNA, Y-chromosome, and linguistic evidence as well as briefly 
summarized the origins of agriculture in the Americas. There appears to be a 
consensus forming among researchers from multiple scientific disciplines that the 
Americas were populated by a single human migration that occurred somewhere 
between 20,000-15,000 ya. However, data from molecular genetics also allows for 
insight into subsequent demographic events, environmental changes and cultural 
transitions that affected the genetic diversity of living indigenous populations. One of 
these cultural transitions is the origin of Native American agriculture. Based on 
current paleoecological evidence, this cultural transition appears to have first 
originated in lower Central or northern South America between 11,000 - 10,000 YBP. 
This new evidence makes understanding the population structure of Chibchan 
populations intriguing as numerous lines of archaeological, biological, and linguistic 
evidence have suggested that these populations also originated within this time frame. 
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III. CHIBCHAN POPULATION BACKGROUND 
This chapter provides background information on Chibchan populations from 
lower Central America along with previous archaeological, linguistic, and genetic 
research in the region in order to better understand Chibchan evolutionary history. 
CHIBCHAN POPULATIONS 
 Chibchan populations provide an opportunity for understanding population 
structure and the impact of microevolution within the confines of a small geographic 
area. Currently, 56 Native American populations affiliated with seven linguistic 
families (Mayan, Misumplan, Mixe-Zoquean, Oto-Manguean, Uto-Aztecan, 
Chibchan, Chocoan) inhabit the area from southern Mexico to the Panama/Colombia 
border. Geographically, Central America is divided into two major regions, 
Mesoamerica and lower Central America (figure 1), which are distinguished by their 
underlying geology. Mesoamerica is geologically older and is defined as the region 
between south-central Mexico and the Pacific coast of Nicaragua. Lower Central 
America is younger and is identified as the area from the Caribbean lowlands of 
Nicaragua to the Panama/Colombia border (Coates, 1997). Both of these geographic 
regions have also been used to define cultural areas by archaeologists (figure 10) 
(Brignoli 2005). The Mesoamerican culture area (MCA) is characterized by 
agricultural villages, complex ceremonial centers, and regional polities (Brignoli, 
2005). Archaeologists have had a more difficult time delineating a cohesive cultural 
area for Pre-Columbian populations inhabiting lower Central America. Cultural 
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material found in this region suggests these populations were primarily chiefdoms, 
lacked monumental architecture and, until recently, were considered intermediate 
between state societies found to the north and south (Hoopes and Fonseca, 2003). The 
heterogeneous nature of cultural material in the region has led the cultural area for the 
region being termed the “Intermediate Area” (Willey 1971), Lower Central America 
(Lange and Stone 1984), or more recently the Isthmo-Colombian Area (Hoopes and 
Fonseca 2003). 
 
 
Figure 10: Central America divided by regional cultural affiliation 
 
 The first attempt to define a cultural area in lower Central and northern South 
America was proposed by Kirchoff (1943) when he attempted to define it as 
“Chibchan”. This definition was disregarded by other archaeologists at the time who 
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considered the region to be “peripheral” or “intermediate” between the Mesoamerican 
and Andean regions. Currently, there is dissatisfaction with the underlying subtext 
implied in the terms “Intermediate Area” and “Lower Central America” among 
researchers. The term “Intermediate Area” implies that populations inhabiting the 
region are not as culturally complex as those surrounding the region and invokes a 
hierarchical cultural evolutionary model (Hoopes and Fonseca 2003). Similar 
problems arise with “Lower Central America” as it implies an arbitrary boundary 
between Central and South America that simply did not exist in prehistory (Bray 
1984). Since the early 1990s, when Fonseca (1992) proposed the Chibcha Historical 
Region, a concerted effort has been made to return to Kirchoff’s idea of a region 
dominated by Chibchan populations. This nomenclature has gone through several 
derivations and also been termed Región Histórica Chibcha-Chocó (Cooke 1993), 
Área de Tradición Chibchoide (Fonseca 1994) and Área Histórica Chibchoide 
(Fonseca 1997; 1998). However, there are also problems with this classification 
system. The term “Chibcha” is often used to refer to the extinct Musica culture of 
highland Colombia, and the terminology ignores the presence of other linguistically 
distinct indigenous populations in the region. This led Hoopes and Fonseca (2003) to 
propose the term “Isthmo-Colombian Area”. This label acknowledges the presence of 
other culturally distinct populations in the region, as well as recognizes pre-
Columbian archaeological connections between Central and South America. These 
cultural similarities are detected through a number of shared traits evident in the rich 
archaeological history of the region.   
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CHIBCHAN CULTURAL HISTORY 
Archaeological evidence indicates continuous human occupation in Central 
America over the last 14,000 years (Cooke 2005). Therefore, understanding parallels 
between Chibchan genetic and cultural history has important implications for 
understanding the initial colonization of the Americas and the complex population 
dynamics that led to the peopling of South America. The complexity and depth of 
archaeological diversity in the region is outside the scope of this dissertation (for 
detailed reviews of the region see Cooke 2005 and Hoopes 2005), but a brief 
summary is necessary in order to understand cultural and historical events that may 
have affected the genetic structure of Chibchan populations. This dissertation uses 
Fonseca’s (1992) temporal classification in order to provide a better understanding of 
Chibchan cultural history. This timeline is organized into six categories: 1) Hunter 
Gatherer (14,000-6,000 YBP); 2) Specialized Domestication (6,000-4,000 YBP); 3) 
Early Agriculture (4,000-2,500 YBP); 4) Specialized Agriculture (2,500 1,500 YBP); 
5) Chiefdoms and increased cultural specialization (1,500-500 YBP); and 6) Post 
European contact (500 YBP to present). The geographic location of archaeological 
sites and regional cultural areas for lower Central America are shown in figure 11. 
The Isthmo Colombian cultural area is divided into five sub-cultural areas: 1) Gran 
Nicoya a region of Mesoamerican influence that ranges from the Pacific coast of 
Nicaragua to the Gran Nicoya peninsula in Costa Rica; 2) Costa Rican Central Valley 
historically occupied by Votic speaking Chibchan populations; 3) Gran Chirqui an 
area that extends through the majority of southern Costa Rica; 4) Gran Coclé the 
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region that includes the Costa Rican/Panamanian border and extends into central 
Panama; and 5) Gran Darien a dense tropical forest that extends from southern 
Panama into northern Colombia (Cooke 2005). Other sub-cultural areas not displayed 
on the map include the Muisca cultural area located around Bogotá, Colombia and the 
Tairona region located along the northern Caribbean coast of Colombia near Santa 
Marta. This long term human occupation of the Isthmo-Colombian region has led to 
rich but heterogeneous archaeological records in the region. There is also the 
possibility that this cultural history has impacted the genetic structure of indigenous 
populations in the region.  
 
Figure 11: Geographic locations of local cultural areas and archaeological sites in lower Central 
America (Cooke 2005). 
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HUNTER-GATHERER PERIOD (14,000-6,000 YBP) 
The earliest inhabitants on the Central American isthmus belonged to 
Paleoindian cultures (Cooke, 1997). The first humans probably entered the region 
during the Late Glacial Stage (14,000-10,000 YBP) of the Pleistocene epoch. Surface 
finds of Fishtail (Jobo) projectile points are known from near the Panamanian 
continental divide (Pearson 2002; Ranere and Cooke 2003). More definitive evidence 
is available for Clovis populations who entered the region between 10,000 to 9,000 
YBP based on radiocarbon dating of the Cueva de los Vampiros, Corona, and 
Aguadulce archaeological sites (Cooke 2005). These original inhabitants were hunter- 
gatherers and subsisted on the collection of wild plants and the hunting of megafauna. 
Climatic changes associated with the shift from the Pleistocene to the Holocene (e.g, 
Younger Dryas) in Central America began approximately 10,500 YBP (Cooke 1997). 
This climatic shift led to a change from dry xeric environments to wetter mesic 
forests. This rise in sea levels also may have shifted human occupation away from the 
coasts. Shortly after this climatic transition, humans domesticated plant materials and 
shifted to hunting small mammals.  
SPECIALIZED DOMESTICATION (6,000-4,000 YBP) 
This subsequent archaeological period known as Specialized Domestication 
(Archaic) ranged from as early as 9,000 to 4,000 YBP and contains early evidence for 
the development of agriculture (Demarest 2004; Cooke 2005). During this time 
period projectile points were constructed with serrated edges and barbs in order to 
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hunt small animals including deer, peccaries, and other species that had avoided 
extinction at the end of the Pleistocene. The distribution and density of these 
projectile points that are found in archaeological sites from Guatemala to central 
Panama suggest that population size was increasing during this time period. There is 
also increasing evidence of a shift to a more sedentary lifestyle or at least a seasonally 
based occupation. Archaeologists in the region believe that people were dedicating 
more time to the collection and preparation of plant foods. The ecological diversity of 
lowland tropical forests encouraged experimentation with a wide variety of plant 
material including tubers, roots, fruits, and trees (Piperno and Pearsall 1999; Baldi 
2001). The majority of these plants could not be consumed without adequate 
processing, which necessitated a shift in the archaeological toolkits. These new 
toolkits included scrapers, stones for milling, hammers for cracking open nuts, and 
polished stones that may have been more useful for working wood or other plant 
materials (Baldi 2001). This time period is also when linguists suggest the dispersal 
of Chibchan language first began to occur (Constenla 1991; 1995).  
EARLY TRIBAL SOCIAL AGRICULTURE (4,000-2,500 YBP)  
Domestication led to increased population size and social stratification, which 
allowed for the appearance of complex polities during the Early Agricultural Period. 
Archaeologists have identified differences in residential structures and funerary sites 
that appear to represent basic forms of early social stratification occurring during this 
time period in lower Central America. These cultural differences are interpreted as 
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important changes in social structure occurring during this time period. These groups 
were now required to change their interaction with their environment as well as with 
other neighboring human populations in order to maintain continuity in their social 
interactions and subsistence patterns (Cooke 2005) 
SPECIALIZED AGRICULTURE (2,500 1,500 YBP) 
The defining characteristic of this time period is the amount of cultural 
variation that appears in the archaeological record. These cultural characteristics 
include permanent settlements in different ecological settings, a wider array of 
cultivated plant material, mining of mineral products, and riverine fishing (Baldi 
2001). It is also important to note prior to ~2,500 YBP, differences in cultural 
material permit archaeologists to differentiate local artifact traditions and demonstrate 
their connotations for prehistoric ethnic and linguistic variation. However, it is not 
until this time period that clear regional distinctions can be construed from the 
archaeological record (Cooke 2005). Archaeological research during this time period 
demonstrates: 1) the importance of random events (i.e, volcanic eruptions) in shifting 
settlement patterns; 2) sociopolitical fragmentation that resulted from population 
growth and agricultural intensity; 3) changes in social relationships and their 
association with raw material sources, and craft centers; 4) increased community 
specialization and exchange of certain prestige items; and 5) varying regional cultural 
area boundaries, where greater artifact diversity is seen at the edges of the regions 
than at the epicenter (Cooke 2005). One regional cultural area that embodies this 
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research well is the distribution of ceramics in the Gran Chirquí. Ceramic diversity in 
this region would appear to be local based on stylistic categories but a shared cultural 
connection is seen through a common ideology, mutual artifact traditions. and trade 
of prestige items (Baldi 2001; Cooke 2005). The shifting cultural geography seen in 
ceramic distribution during this time period correlates well with linguistic and genetic 
data, where Gran Chiriquí Chibchan populations diverged into their own political 
entities, each with their own languages (Bribri, Cabecar, and Ngöbé) approximately 
1,500 to 1,000 YBP (Barrantes et al. 1990; Constenla 1991).  
CHIEFDOMS AND INCREASED CULTURAL SPECIALIZATION (1,500-500 YBP) 
The chiefdoms and cultural specialization time period represents greater 
interaction between Central and South American Chibchan populations. During this 
time, the region is characterized by the presence of gold and jade artifacts, interment 
of elites, and iconography not shared with Mesoamerican populations. The 
iconography consisted of anthropomorphized birds, crocodiles, bats, monkeys and 
other animals that may have been linked to religion in the region. This development 
of complex hierarchical societies is thought to have occurred rapidly and occurred 
throughout the Chibchan region from Honduras to Colombia (Hoopes 2005). The 
earliest evidence for this development is seen in Costa Rica, Panama, and Colombia 
with later development in Honduras and Nicaragua. This later development of the 
peripheries of the Chibchan world may indicate the migration of these populations 
from Central American into the Caribbean region.  
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Socially, this period is dominated by centralized chiefdoms and this may be 
related to cultural interaction with Mesoamerican and South American populations. A 
number of reasons have been proposed for this rapid cultural transition. These 
cultural changes included ecological events, such as volcanic eruptions in El Salvador 
(Ilopango 429 A.D.) and Panama (Volcán Barú 600 A.D.) (Linares et al. 1975; Dull 
et al. 2001) as well as demographic movements occurring in Mesoamerica at both 
Tikal and Copán (Gunn 2000; Martin and Grube 2001). This time period also sees the 
immigration of Mesoamerican cultures (Chorotega, Nicarao, and Subtiva) into the 
Pacific coast of Nicaragua and the Gran Nicoya cultural area (Fowler 1989). These 
populations are believed to have been displaced from central Mexico by Nahua 
speaking groups (Kaufman 2001). There is clear evidence that this time period 
represents interaction between Mesoamerican and Chibchan populations but the 
nature of this contact is not fully understood at present.  
POST EUROPEAN CONTACT (500 YBP TO PRESENT) 
 At European contact, Central America (~1500 A.D.) was densely populated 
and culturally heterogeneous. Distinct from Mexico or the Andes, the region was not 
dominated by state level societies but rather small chiefdoms. The cultural landscape 
of Central America changed rapidly and within a short time period. Columbus visited 
the region on his fourth voyage to the New World in 1502 and described a multitude 
of cultures and languages along the Caribbean coast of Central America (Cooke 
1997). The Pacific region became dominated by the Spanish, and indigenous 
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populations were decimated by disease, slavery, and violence (Cooke 1997). In a 
forty year period, it is estimated that the indigenous population of Pacific Nicaragua 
declined from 600,000 in 1520 to 6000 between 1560 and 1570 (Cooke 1997). 
However, the Caribbean side remained relatively isolated throughout the early period 
of European contact due to the dense forestation and fierce resistance by indigenous 
populations. These groups used their knowledge of the environment and political 
divisions between the English and Spanish to their advantage to remain relatively 
autonomous until the modern era (Cooke 1997). Extant Chibchan populations 
represent the effect of this early contact and are currently distributed in small 
enclaves in throughout the region. Therefore, a better understanding of their genetic 
history will allow for a better reconstruction of their pre-Columbian distribution.  
GENETICS OF CHIBCHAN POPULATIONS 
Previous genetic research on Chibchan speaking populations has focused on 
populations from lower Central America in order to understand their biological 
relationship to each other as well as their divergence from Paleoindian populations. 
Due to their geographic and cultural location, bridging the two American continents 
between complex cultural societies in Mesoamerica and the Andes, it was thought 
that indigenous populations in the region would demonstrate high genetic diversity as 
evidence of large amounts of gene flow. However, all previous studies on both 
classical and molecular genetic markers in the region have demonstrated low amounts 
of genetic diversity as well as high numbers of private genetic polymorphisms that 
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are not generally shared with neighboring populations even within the Chibchan 
language family (Barrantes et al.; 1990, Bieber et al. 1996; Kolman and Bermingham 
1997; Ruiz-Narvaez et al. 2005). Based on these results, researchers have advocated 
an endogenous development of Chibchan populations from earlier hunter/gatherer 
populations and that genetic drift is the major evolutionary force operating on these 
populations. These researchers also argue that in order for the presence of these 
private polymorphisms in several culturally related populations that significant time 
depth (~10,000 YBP) is necessary for their development. The following section 
provides information on previous classical and molecular genetics research on 
Chibchan and neighboring Mesoamerican populations in order to address these 
potential theoretical deficiencies in the literature. 
CLASSICAL GENETIC MARKERS 
 The earliest investigations of Central American indigenous populations using 
classical genetic polymorphisms was conducted by Matson and Swanson (1959, 
1963a, b, c, d, e, 1964, 1965). These authors systematically investigated blood group 
polymorphisms (ABO, MNS, P, Kell, Diego, Rhesus, Duffy, and Diego), 
haptoglobins, transferrins, and hemoglobin types in Amerind groups throughout 
Central America. Their research was descriptive and consisted of gene frequency 
tables, Chi-square tests, and brief discussions of admixture from European or African 
populations. Admixture estimates were based on the presence of blood group alleles 
that were not considered to be of Native American origin, including the presence of 
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blood groups A and B, or the presence of the MNSs haplotype considered to be of 
African origin (Matson & Swanson 1963a). Statistical analyses of their results were 
conducted using Chi-square (χ2), and no phylogenetic analyses were attempted to 
clarify biological relationships among Central American indigenous populations. 
However, data contained in this research series represent one of the most 
comprehensive analyses of Central American indigenous populations. 
In the late 1970s, researchers focused greater attention on lower Central 
American and Chibchan speaking populations due to a proposed phylogenetic 
relationship between the Yanamamo of Venezuela and the Guaymi of Costa Rica 
(Ward et al. 1975). Speilman et al. (1979) investigated this relationship using ten 
classical genetic loci and eleven anthropometric markers. These authors concluded 
that taxonomic similarity was based on the presence of private polymorphisms that 
were not shared with other populations. These private markers then clustered groups 
in a dendogram and were not based on shared genetic histories. Barrantes et al. 
(1982) focused on intrapopulation differences among two Guaymi communities 
(Abrojo and Limoncito) using blood groups, plasma proteins, and erythrocyte 
proteins. They demonstrated a closer genetic affinity among the Guaymi and other 
linguistically related populations than to other South American populations  
 Further research investigations on Chibchan speaking populations from lower 
Central America were conducted in order to determine their relationship to other 
Native American groups. Barrantes et al. (1990) investigated 48 classical genetic loci 
from eight Chibchan speaking groups from Costa Rica and Panama (Boruca, Bribri, 
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Cabecar, Maléku, Teribe, Kuna, Guaymi, and Bokota). Using standard genetic 
distances converted to linear form and correlated with divergence time, linguistics, 
and geographic location, they demonstrated low correspondence between taxonomic 
affinity and geographic location. They also detected higher than expected frequencies 
of private genetic polymorphisms that included: 1) absence of the Diego A* allele 
(DiA*) in six of the eight groups; 2) high frequencies of the transferrin D-Chi allele; 
3) the G6PD C allele; and 4) five regionally restricted variants (TPI*3-Bribri, TF*D – 
Guatuso, ACP*Guataso1, LDHB*Guataso1, and PEPA*2-Kuna). They concluded 
that the large number of private polymorphisms indicated an endogenous 
development of Chibchan populations that occurred within the last 10,000 years 
(Barrantes et al. 1990). Thompson et al. (1992) tested several statistical models 
developed for understanding migration, survival and history in these same Chibchan 
populations. These researchers investigated the previously described private 
polymorphisms (Barrantes et al. 1990) and determined that the LDHB-GUA, 
ESA2*BOK, DI*A, and 6PGD*C alleles were recent genetic introductions into these 
Chibchan populations from other central or South American indigenous populations. 
They also indicated that the GOTS*2, PEPA*F, and TF*D-CHI alleles were ancestral 
to the first Chibchan populations. However, they suggested significant population 
fluctuations occurred in these groups since contact and this may have influenced their 
results. These results differ from those of Barrantes et al. (1990) and indicated that 
further research into the evolutionary history of these populations was necessary.  
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Two previous classical genetic studies investigated Costa Rican Chibchan 
populations in order to understand their biological relationship to each other. Bieber 
et al. (1996) evaluated genetic variation in six Costa Rican Chibchan populations 
(Guaymi, Bribri, Cabecar, Huetar, Teribe, Maléku) using four protein polymorphisms 
(transferrins (TF), alpha-1-antitrypsin (P1), α2-HS-glycoprotein (ASHG), and human 
coagulation factor B (F13B)). They found low Gst (<0.05) values for all four 
polymorphisms, which demonstrated an absence of significant population 
substructure among these groups. Using Nei’s standard genetic distance and 
neighbor-joining trees, they found that these six populations cluster into three groups: 
1) Bribri/Cabecar; 2) Huetar/Maléku; and 3) Guaymi/Teribe. This relationship is 
attributable to geography as all three groups contain adjacent populations. A second 
study by Azofeifa et al. (2001) investigated 39 classic polymorphisms in two 
Chibchan populations (Cabecar and Huetar) in order to determine the relationship 
between an isolated population (Cabecar) and a highly admixed group (Huetar). They 
detected two private polymorphisms (TF*DGUA and PEPA*F) only found in Costa 
Rican and Panamanian Chibchan groups. They identified a strong genetic relationship 
between the Huetar and Cabecar despite admixture in the Huetar (Barrantes 1993).  
 Only a handful of classical genetic studies have been conducted on living non-
Chibchan populations in Central America over the past twenty years. Azofeifa et al. 
(1997) examined genetic diversity and admixture using red blood cell enzymes, 
hemoglobins, and serum proteins in 59 Miskito refugees. The origins of the Miskito 
are uncertain, with some ethnologists considering them a post-contact population 
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while others consider them a Native American population with linguistic affinities 
with Chibchan populations. These authors sought to determine whether the Miskito 
demonstrated significant amounts of European and African admixture. They 
concluded that this population contained at a minimum 80% Native American genetic 
polymorphisms as well as private alleles previously only detected in lower Central 
American Chibchan populations. 
 Two studies investigated HLA polymorphisms in extant Olmec and Mayan 
populations (Arnaiz-Villena et al. 2000; Gomez-Casado et al. 2003). Arnaiz-Villena 
and colleagues (2000) studied HLA class I and II markers in 80 Mazateacans and 
compared them to worldwide indigenous populations. Using correspondence analysis 
they found a genetic relationship among Amerindian populations that distinguished 
them from other global indigenous groups. They also postulated indirect evidence for 
a genetic relationship between Mazateacan and Mayan groups but did not provide 
statistical support for this relationship. Gomez-Casado et al. (2003) studied HLA 
diversity in 132 Mayan individuals from Guatemala and compared them to eight other 
Native American populations. They concluded that: 1) Mayan populations were 
genetically closest to the Ijka (Arhucao), a Chibchan speaking population from 
northeast Colombia; 2) Mayans did not appear to be related to geographically 
neighboring populations based on HLA data (Zapotec, Mixe, and Mixtec); and 3) a 
separate cluster of Mesoamerican and South American indigenous populations was 
represented in their correspondence analysis. However, a few problems may be noted 
for these results. First, they recruited participants based on their “Mayan” appearance 
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and not based on genealogical history, which questions the validity of their sampling 
method. They also misidentify the Arhuaco (Ijka), a Chibchan speaking population, 
as the original inhabitants of the Caribbean. In this case, they are misidentifying the 
Arhuaco with Arawak, a South American linguistic family and Caribbean ethnic 
populations. The term Arhuac was introduced by the Spanish in the 17th century to 
define the southern slopes of the Sierra Nevada de Santa Marta in Colombia and 
referred to pacified Indians but is now often used to refer to the Ijka (Uribe 2000). All 
three of the previous classical genetic polymorphism research on non-Chibchan 
populations has suggested a biological relationship with Mesoamerican populations, 
but this relationship has never thoroughly been investigated. 
 Another research question that has not been fully addressed by investigators is 
the biological relationship between Central and South American Chibchan speaking 
populations. Five previous studies have investigated classical polymorphims in South 
American Chibchan populations, and the majority of this research was concerned 
with genetic admixture in these populations (Layrisse et al. 1963; Salzano and 
Callegari-Jacques 1988; Yunis et al. 1994; Briceño et al. 1996). Layrisse et al. (1963) 
compared blood group polymorphisms in four South American “Chibchan-speaking” 
populations. These authors could not find a clear connection among these populations 
and concluded that Chibchan populations did not form a homogeneous genetic group, 
but stipulated that more research was necessary. However, three (Tunebo, Páez, and 
Warrau) of these populations are Paez-speakers and do not belong to the Chibchan 
linguistic family. Salzano and Callegari-Jacques (1988) utilized data from Layrisse et 
69 
 
al. (1963) on the Ijka to investigate European and African admixture in the Ijka. This 
study found a small amount of African (7%) and European (7%) admixture in this 
population. Yunis et al. (1994) investigated seven HLA (DQA1, DQB1, DRB1, 
DRBE, DRB3, DRB4, and DRB5) alleles and eight blood groups polymorphisms 
(ABO, MNS, Rh, Kell, Duffy, Kidd, and Diego) in three Chibchan populations (Kogi, 
Arsario, and Ijka). These researchers found no genetic admixture among the Kogi or 
Arsario but a small amount of European (<1%) and a high amount of African 
admixture (22%) in the Ijka. Briceño et al. 1996 investigated genetic variation in the 
HLA-DRB1 locus in these same three South American Chibchan populations. They 
found no evidence for genetic admixture in the Kogi, Arsario, or Ijka. Only a single 
classical genetic study investigated the biological relationship among Central and 
South American Chibchan populations, Layrisse et al. (1995) investigated 22 
Chibchan and Paezan speaking populations and detected a correlation between 
genetic and linguistic data with higher affinity among Chibchan-speaking 
populations.  
Previous research utilizing classical genetic polymorphisms on Chibchan 
populations has supported the idea that these groups are closer genetically to each 
other than with other Central, South, or North American indigenous populations. 
However, these analyses have not focused on Mayan populations from the north and 
have not attempted to demonstrate shared biological relationships among Chibchan 
speaking groups from northern South America. 
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MTDNA 
Indigenous Central American populations are primarily characterized by high 
frequencies of mtDNA haplogroup A2 (> 50%), moderate frequencies of haplogroup 
B2 (20% to 40%), and low frequencies of haplogroups C1 and D1 (<10%). 
Haplogroup X2a has not been identify in Central American populations but has been 
detected in small frequencies in Mexican indigenous populations (Penaloza-Espinosa 
et al. 2007). Evidence from mtDNA research on Chibchan populations has also been 
used to support the idea of in situ genetic evolution model promoted by Barrantes et 
al. (1990). This model suggests that Chibchan populations originated in lower Central 
America from local Paleoindian populations approximately 10,000 YBP due to 
ecological changes in the region and have differentiated into the various subgroups 
since that time. 
A number of studies (Torroni et al. 1993, 1994; Santos et al. 1994; Batista et 
al. 1995; Kolman et al. 1995; Kolman and Bermingham 1997) have investigated 
mtDNA haplogroup data in Chibchan populations in order to establish their role in 
the peopling of the Americas. These groups are characterized by high frequencies of 
mtDNA haplogroup A2 (>65%), moderate frequencies of B1 (20-30%), absence of C, 
and only two populations (Huetar, Boruca) demonstrated the presence of D1 (< 05%) 
(Torroni et al. 1994b; Santos et al. 1994). Kolman et al. (1995) argued the absence of 
haplogroup C1 in Central American populations suggest that it was not present at the 
onset of Chibchan genetic history. However, haplogroup C1 has been found in 
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Chibchan speaking groups from Colombia, which would appear to refute this claim 
(Melton et al. 2007). Torroni et al. (1994) used high resolution RFLP analysis to 
study eight Costa Rican and Panamanian tribes (Teribe, Maléku, Boruca, Kuna, 
Guaymi, Bribri, Cabecar) as a reference point for wider investigation of the origins of 
Amerind populations and to develop a coalescent based mtDNA molecular clock. 
They found a total of fifteen haplotypes, eleven of which were unique to Chibchan 
populations. They also found a MspI RFLP cut site only in Central American 
Chibchan populations. This RFLP would appear to be restricted to Central American 
groups as it has not been detected in South American Chibchan speakers (Melton et 
al. 2007).   
A small number of previous research studies have investigated mtDNA HVS-I 
sequence variation in three Central American populations (Huetar, Guaymi, and 
Kuna) (Santos et al. 1994; Batista et al 1995; Kolman et al. 1995) and three South 
American Chibchan populations (Kogi, Arsario, and Ijka) (Melton et al. 2007). These 
studies all demonstrated low haplogroup and haplotype diversity, reproductive 
isolation from outside groups, and long-term independent evolution had occurred in 
lower Chibchan-speaking populations. In order to determine if neighboring 
populations speaking different languages demonstrated similar genetic diversity, 
Kolman and Bermingham (1997) compared two Chibchan populations (Kuna, 
Guaymi) to two Chocoan (Emberá, Wounan) speaking groups from Panama. They 
found that Chocoan populations demonstrated larger haplotype and nucleotide 
diversity than their Chibchan neighbors. This indicated a loss of genetic diversity in 
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Chibchan population in Panama and indicated greater differentiation among Chibchan 
populations and their neighbors than one would expect through random chance. In 
addition, the K’iche Maya population demonstrated high haplogroup diversity (0.93), 
even though these individuals were considered related as part of a human rights 
forensic investigation when compared to Chibchan populations. The traditional 
interpretation of low diversity values for Chibchan populations has been attributed to 
genetic drift but alternative explanations include depopulation due to European 
contact or cultural factors associated with marriage practices (Barrantes et al. 1990; 
Thompson et al.. 1992; Kolman and Bermingham 1997).  
 A few mtDNA coalescent dates have been published for Central American 
populations. These include molecular dates for the Ngöbé, of 6,800 ya (Kolman et al. 
1995) and Kuna of ~10,000 ya (Batista et al.1995) along with a combined haplogroup 
A2 date for both these groups of 10,900 ya (Kolman & Bermingham 1997). These 
molecular dates have often been used to support the idea that Chibchan populations 
diverged from earlier Paleoindian populations in the last 10,000 years. These 
molecular dates are also consistent when compared to archaeological (Hoopes and 
Fonseca, 2003) and glottochronological evidence (Constenla 1991) for the divergence 
of Chibchan populations.  
Available evidence from previous mtDNA studies supports the idea of long-
term population continuity for Chibchan populations in lower Central and northern 
America. This long occupation of the region may have slowed the migrations of 
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populations in lower Central America between north and south over the last 10,000 
years.  The maternal genetic diversity of Chibchan groups is lower than neighboring 
populations and would appear to have a biological relationship with Mesoamerican 
populations. This genetic relationship between Chibchan and Mesoamerican 
populations has often been neglected by researchers in the region. This oversight may 
be due to the lack of genetic information on living indigenous Mesoamerican 
populations with only one previous study of mtDNA HVS-I variation being done on 
the K’iche Maya (Boles et al. 1995) and the majority of other mtDNA Mesoamerican 
research only consist of mtDNA haplogroup data.  
Y-CHROMOSOME 
Only a few studies have investigated Y-chromosome diversity in indigenous 
Central American populations. Two studies included Chibchan and Mesoamerican 
populations in wider analyses regarding the initial peopling of the Americas (Lell et 
al. 2002; Zegura et al. 2004). Lell et al. (2002) included four Chibchan (Boruca, 
Guaymi, Bribri/Cabecar, and Kuna) populations. Two of these populations (Guaymi, 
Kuna) demonstrated only haplogroup Q, with the Native American specific 
haplogroup Q-M3 being at high frequencies (<60%) in all four Chibchan populations. 
The Boruca demonstrated a low frequency of haplogroup F (4.3%) and the 
Bribri/Cabecar showed a small amount of haplogroup K (7.7%). However, these latter 
two frequencies may be anomalies as haplogroup Q is a derivative of both Y-
chromosome haplogroups F and K. In the hierarchical nomenclature of human Y-
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chromosome haplogroups and the limited number of SNPs (11) used by Lell et al. 
(2002) it is possible that these small frequencies are related either to back mutations 
within haplogroup Q or may be attributed to laboratory error. Zegura et al. (2004) 
also included four Mesoamerican (Mixtec, Zapotec, Mixe, and Maya), two Chibchan 
(Ngöbé, Kuna) and two Chocoan (Emberá, Wounan) in their genetic analysis of 
Native American Y-chromosome diversity. The Mesoamerican and Chocoan groups 
primarily demonstrated haplogroup Q with a small amount of haplogroup R. The two 
Chibchan populations showed only haplogroup Q. The majority of these populations 
also demonstrated low SNP diversity and repeat number variance. Two of these 
populations (Zapotec, Ngöbé) contained high repeat number variance, 0.76 and 0.75 
respectively. This may be indicative of higher levels of male population movement in 
the past or it may be representative of larger population size. The Ngöbé of Panamá is 
one of the largest indigenous populations (~170,000) in the region and therefore this 
high repeat number may be the result of a larger effective population size (Brignoli 
2005). However, the sample size for all of these populations was low and no attempt 
in either of these studies was made to understand the population structure in Central 
America.  
Only four studies have examined Y-Chromosome variation in Central 
American indigenous populations (Ruiz-Narvaez et al., 2005; Campos-Sanchez et al.; 
2006; Barrot et al., 2007; Lovo-Gomez et al., 2007). Lovo-Gomez and colleagues 
(2007) investigated 16 Y-chromosome SNPs and eight STRs in four El Salvadoran 
ethnic groups and compared them with admixed metropolitan populations. As 
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expected, they found a high frequency of haplogroup Q3 in indigenous groups and a 
high frequency of European haplogroup R1b in metropolitan populations. Barrot et 
al. (2007) studied eight Y-chromosome STR loci in three Amerindian populations 
(Huasteco, Otomies de la Sierra, Otomie de Valle, Tepehuas) inhabiting the Mexican 
state of Hidalgo. They found high gene diversity values for all four groups ranging 
from 0.95 for Otomies de la Sierra to 1.0 for the Tepehuas. The high gene diversity 
for the Tepehuas may be explained by the low sample size of 13 individuals from this 
population (Barrot et al. 2007). However, these authors did not include any SNPs and 
therefore did not categorize any of these populations into Y-chromosome 
haplogroups.  
 Campos-Sanchéz et al. (2006) investigated Y-chromosome diversity along 
with mtDNA diversity in admixed Hispanic populations related to schizophrenia from 
Costa Rica, Mexico, and the Southwest U.S. They detected a strong maternal 
association based on mtDNA and a weaker relationship between paternal lineages 
based on Y-chromosome diversity. Similar to the Hidalgo study (Barrot et al. 2007) 
they identified high Y-chromosome gene diversity levels for all three populations 
(Costa Rica=0.997, Mexico=0.995, U.S=0.998). However, these authors did not 
attempt to place the sampled populations into a proper phylogenetic context or 
develop admixture estimates between European and Native American samples. The 
mtDNA and Y-chromosome phylogenies are well developed and would have helped 
them better elucidate the relationship between these populations.  
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 One study examined Y-chromosome diversity in five Chibchan-speaking 
populations (Huetar, Bribri, Cabecar, Guaymi, and Teribe) from Costa Rica (Ruiz-
Narvaez et al., 2005). Estimated haplotype diversities for all five of these populations 
was lower than in either the Campos-Sanchéz et al. (2006) or Barrot et al. (2007) 
study. Diversity values ranged from 0.942 in the Huetar to 0.679 in the Guaymi (other 
values Bribri=0.89, Cabecar=0.717, Teribe=0.724). The authors explained the high 
diversity in the Huetar as potentially due to increased admixture from European 
populations. Low Y-chromosome diversity values of the Guaymi may be based on 
their patrilocal marriage pattern (Kolman et al. 1995). Based on their phylogenetic 
analysis, four Chibchan populations (Cabecar, Huetar, Teribe, Bribi) clustered with 
the Gavaio from Brazil and Cayapa from Ecuador. The phylogenetic relationship 
between the Huetar and Cabecar was also demonstrated in classical genetic data 
(Azofeifa et al., 2001). The only Chibchan group separated from other lower Central 
American populations are the Guaymi, who are isolated on their own branch. The 
relationship between the Gavaio and the Bribri is uncertain and may be related to an 
anomaly similar to the pairing of the Yanamamo and the Guaymi with classical 
genetic data (Spielman et al. 1979).  
A single study investigated Y-chromosome variation in three South America 
Chibchan (Ijka, Arsario, and Kogi) speaking populations (Guarino et al. 1999). This 
study examined Y-chromosome variation in five STRs (DYS19, DYS390, DYS391, 
DYS392, and DYS393) on a small number of males in the study populations. These 
researchers found shared haplotypes between all three of these South American 
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Chibchan , but not with neighboring populations indicating a shared evolutionary 
history between these three Chibchan groups. Based on unpublished SNP data for 
these three populations, the majority of these individuals belong to haplogroup Q-M3 
(R. Mitchell pers. comm.). As with both classical and mtDNA, the available Y-
chromosome literature does not attempt to construct a broader picture of Central 
American population structure or determine the relationship between Central and 
South American Chibchan speaking populations.  
GENETICS SUMMARY 
A number of important observations can be made from previous genetics 
research on Central American and Chibchan populations. First, there is consistent 
evidence of some characteristics that appear to distinguish Chibchan-speakers from 
other Native American populations in the region. Chibchan populations. These groups 
are characterized by certain classical genetic private polymorphisms that are not 
shared with surrounding populations. Low mtDNA haplotype diversity in these 
groups suggest indicates that genetic drift may have impacted these populations in the 
past. Finally, molecular dates, indicate a long-term occupation of Central America for 
Chibchan populations. However, there are two potential issues in previous genetic 
research on Chibchan populations. First, this research has not focused on the 
biological relationship Chibchan-speakers with other Mesoamerican populations. This 
omission is unfortunate as it fails to take into account complex population dynamics 
that occurred in the region during the last millennia before European contact. During 
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this thousand year period, several populations moved along the Pacific coast into the 
region from Mexico (Fowler 1989; Cooke 2005). The second deficiency is biological 
research on Chibchan populations often does not account for the presence of several 
linguistically related Chibchan populations in northern South America. Modern 
political boundaries are often used as Pre-Columbian barriers when interpreting Pre-
Columbian history in the region. However, these barriers are often arbitrarily defined 
and often do not reflect the Pre-Columbian demographic of genetic history in the 
regions. Through addressing these issues it is possible to fill in a gap in our 
understanding regarding the population dynamics and genetic history of indigenous 
populations inhabiting Central America. 
DIVERGENCE OF CHIBCHAN POPULATIONS 
 Four models have been proposed for the divergence of Chibchan populations 
from earlier human groups in Central America. The first of these theories suggests 
that Chibchan groups migrated into Central America from northern South America 
and replaced earlier populations. Early scholars in the region proposed that the region 
was populated by groups migrating north from Colombia around 1,000 YBP (Stone 
1966). This idea of external South American cultural influences on the origins of 
Central American populations was first proposed by Stone (1972; 1977) who 
advocated that the isthmus was an “archaeological bridge” based on iconography and 
architectural affinities in cultural material in Central America. Originally, this cultural 
relationship was attributed to the movement of Arawak speaking groups moving into 
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the region (Stone 1972), but was later revised to indicate a greater influence of an 
Ecuadorian religious complex (Stone 1977). The second explanation proposes that 
Chibchan population are an offshoot of Mesoamerican groups that spread south into 
the region along with the introduction of maize approximately 1,500 YBP (Snarskis 
1978; 1998). Swadesh (1955) also advocated a Mesoamerican origin for Chibchan 
populations that occurred approximately at 7,000 YBP following the linguistic fission 
the Macro-Maya, Uto-Aztecan and Chibchan language families. More recently, 
Snarskis (2003) has advocated a “two-wave” model of population movement with an 
original movement south by Olmec-like Mesoamerican groups occurring about 2,000 
YBP along with the introduction of maize and a second migration north of tropical 
lowland South Americans occurring around 1,500 YBP with the introduction of gold, 
tombs, and platform mounds, which are believed to have appeared earlier in northern 
Colombia (Snarskis 2003). The final model is that Chibchan populations evolved 
endogenously in Central America from earlier Paleoindian groups, without influence 
from other regions (Barrantes et al. 1990; Constenla 1991; Hoopes and Fonseca 
2003). Based on current, archaeological, genetic, and linguistic evidence it would 
appear that the endogenous development model is the most parsimonious explanation 
for Chibchan origins. However little research has been conducted on the biological 
relationship between Mesoamerican and Chibchan populations.  
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MESOAMERICAN-CHIBCHAN BOUNDARY  
 One linguistic stock of Chibchan populations that has important implications 
for understanding the biological and cultural relationship between Mesoamerican-and 
the Isthmo-Colombian populations is those groups that speak Votic dialects. There 
are currently three living Votic (Rama, Maléku, Huetar) and two extinct Votic (Voto, 
Corobici) speaking Chibchan groups from Nicaragua and Costa Rica. These 
populations form the northern and western boundaries of Chibchan populations (with 
the exception of the Pech in Honduras) in Central America. There is archaeological 
evidence that indicates these Chibchan groups interacted with both Oto-Manguean 
(Chorotega) and Nahua (Nicarao) speaking groups. These latter two linguistic 
families are believed to have migrated from Mesoamerican between 1,200 and 800 
YBP (Fowler 1989). The modern day Rama are bordered to the north by Misumplan 
(Miskito, Sumo) groups (Riverstone 2004). Votic populations are bordered to the 
south by Isthmic Chibchan groups. The Isthmic (Guaymi, Cabecar, Bribi, Teribe, and 
Ngöbé) speaking populations are considered to be the ancestral Chibchan populations 
based on linguistic (Constenla 1991, 1995), genetic (Barrantes et al. 1990), and 
archaeological diversity (Hoopes and Fonseca 2003). Therefore, Votic Chibchan 
populations provide an opportunity to better understand the genetic structure and their 
biological relationship to Mesoamerican populations. This section provides historical 
and ethnographic information regarding the five Native American populations (Rama, 
Huetar, Maléku, Guaymi, and Chorotega) investigated in this dissertation.  
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RAMA 
The Rama Indians are a Votic-speaking Chibchan population who inhabit the 
southeastern Caribbean coast of Nicaragua. Current population estimates for the 
Rama range from 1,350 (Brignoli 2005) to their own estimates of approximately 
3,000 (L. Martinez pers. comm.). Rama individuals live in nine communities spread 
from the coastal port town of Bluefields, Nicaragua, to San Juan del Norte, Costa 
Rica. The largest Rama community is Rama Cay, a small island in Bluefields Bay, 
where approximately 1,000 Rama reside. The modern Rama subsist through hunting, 
gathering, horticulture, and fishing. This subsistence pattern does not appear to have 
changed significantly since their first contact with Europeans (Riverstone 2004). The 
Rama belong to the Moravian Church, which arrived in the Caribbean in the 1850s 
(Riverstone 2004, Conzemius 1932). However, in recent years, a number of Rama 
have advocated the retention and revitalization of traditional cultural practices 
(Riverstone 2004). The Rama view this cultural revitalization as a way to maintain a 
distinct ethnic identity in an increasingly homogenous global society.  
An indigenous group named the Rama does not appear in historical 
documents until the 18th century. This has led to numerous competing scenarios 
regarding their origins. These proposals suggest that the modern Rama are a remnant 
population of the Suerre, Huetar, Corobici, Maléku, Voto, Melchora, Kukra, or the 
Caribs. Several of these proposed groups are extinct (Suerre, Voto, Corobici, Kukra, 
Melchora) and their relationship with the Rama is based solely on ethnohistoric 
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accounts that often contradict each other (Riverstone 2004). The association of the 
Rama with the Huetar is more difficult to determine as this population was decimated 
by the Spanish in the 16th century and some of these individuals may have fled north 
and intermixed with indigenous populations in the Caribbean. The currently most 
favored explanation is that this population split from the Maléku shortly after contact 
with the Spanish and has been isolated in the mangrove forest since that time 
(Riverstone, 2005, Conzemius 1932). However, the Rama themselves believe that 
they have inhabited the region for centuries and their territory once spread to the 
shores of Lake Nicaragua (C. McCrea pers comm.). There is very little known about 
the biological relationships of the Rama to other Native American groups in the area. 
The Rama were investigated for classical genetic markers in the 1950s (Matson and 
Swanson 1963c) and for PTC tasting in the 1970s (DeStefano and Molieri 1976).  
MALÉKU 
 The Maléku (Guatuso, Maléku Jaíka) are a Votic-speaking Chibchan 
population that currently resides in three small localities in northern Costa Rica.  
Historically, the Maléku occupied the northern highlands of Costa Rica and this may 
have extended to the shores of Lake Nicaragua (Cooke 1997). Today, the population 
number of this group is approximately 1,000 individuals (Barrantes et al. 1990, 
Brignoli 2005). The origins of the Maléku are also poorly understood. They have 
been considered to be related to the Rama, a sub-group of the extinct Corobici 
(Lothrop 1926), a branch of the Huetar (Gabb 1875), or a remnant group of the Voto, 
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an extinct Chibchan population that once inhabited the mouth of the Rio San Juan in 
northern Costa Rica (Riverstone 2004). The Maléku have been previously 
characterized for both classical genetic polymorphisms and mtDNA RFLP variation 
(Barrantes et al. 1990; Torroni et al. 1994b). These studies have suggested that they 
are biologically related to other Chibchan populations and are distinct from other 
indigenous groups in the region. 
HUETAR 
 The Huetar (Güetar) are a Votic-speaking Chibchan population who now 
inhabit two isolated communities (Quitirrisi and Zapáton) west of San Jose, Costa 
Rica and are estimated to number around 1600 individuals (Brignoli 2005). In the 16th 
century, the Huetar occupied the central highlands of Costa Rica west to the Gulf of 
Nicoya. The Huetar population was decimated and acculturated after contact with the 
Spanish. Other than the two extant highly acculturated communities, they are 
considered to be culturally extinct. The Quitirrisi Huetar have previously been 
investigated for classical genetic polymorphisms (Barrantes et al. 1990; Bieber et al. 
1996; Azofeifa et al. 2001), mtDNA HVS-I (Santos et al. 1994), and Y-chromosomes 
polymorphims (Ruiz-Narvaez et al. 2005). This previous genetic research has 
supported the idea that the Huetar are biologically related to other Chibchan 
populations but demonstrate distinct characteristics that differentiate them from other 
Native American groups.   
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GUAYMI 
 The Guaymi (Ngöbé) are an Isthmic-Chibchan speaking group that inhabits 
several southern localities in Costa Rica. This group immigrated to the region from 
Panama in the 1940s and is considered a smaller offshoot (n=3,500) of the larger 
Panamanian Ngöbé (n~169,000) population (Barrantes et al. 1982). There is little 
known regarding the ethnography of these communities but they appear to differ from 
other Chibchan groups in practicing patrilocal residence patterns (Kolman and 
Bermingham 1997). The Guaymi have previously been studied for classical genetic 
polymorphims (Spielman et al. 1979; Barrantes et al. 1982, Barrantes et al. 1990), 
mtDNA RFLPs (Torroni et al. 1994b), and Y-chromosome variation (Ruiz-Narvaez 
et al. 2005). These studies have supported the relationship of Guaymi with other 
Chibchan population while differentiating them from surround Native American 
groups. 
CHOROTEGA 
The Chorotega are an Oto-Manguean speaking population that inhabits the 
Gran Nicoya peninsula of Costa Rica and the Pacific coastal region of southern 
Nicaragua. This population is thought to have been forced from central Mexico by the 
Olmec and subsequently migrated down the Pacific coast of Central America into the 
region between 800 – 1,200 YBP (Fowler 1989; Constenla 1995). However, their 
biological relationship with neighboring Chibchan populations is unresolved. There is 
little previous biological research on the Chorotega, with the only previous study 
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being conducted on classical genetic polymorphims (Matson and Swanson 1963c). 
Therefore, understanding the biological relationship that this population has with 
surrounding Chibchan groups has important implications for understanding the 
association between Mesoamerican and Chibchan groups.  
SUMMARY 
 This chapter provided background information for Chibchan populations and 
included previous archaeological and genetic research on population structure and 
cultural history of Central American indigenous groups in order to better understand 
their evolutionary history. Archaeological evidence indicates that lower Central 
America has been continuously occupied for the last 14,000 years (Cooke 2005) and 
that the region had developed into a culturally complex region by European contact 
(Hoopes 2005). A number of models have been proposed for the divergence of 
Chibchan populations from earlier Paleoindian groups. These models include 
populations migrating south from Mesoamerica, moving north from South America 
or the endogenous development of these groups within the Panamanian isthmus. 
Genetically, Chibchan populations demonstrate a number of characteristics that 
differentiate them from surrounding indigenous populations but their biological 
relationship to other Mesoamerican and South American populations is not 
completely understood. These questions of population divergence may be addressed 
through the use of molecular genetic markers that allows for a greater understanding 
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of population dynamics as well as the maternal and paternal genetic history of 
Chibchan populations. 
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IV: MATERIALS AND METHODS 
 This chapter describes the field work conducted in Nicaragua, laboratory 
methods used in the characterization of the DNA, and analytical techniques employed 
in this research. DNA was extracted from mouth rinses and was characterized for 
mtDNA and Y-chromosome markers including: mtDNA RFLPs; mtDNA HVS-I 
sequencing; Y-Chromosome SNPs; and Y-Chromosome STRs. In addition, classic 
genetic markers were compiled from the literature. Measures of genetic diversity 
were calculated. Phylogenetic relationships were visualized through multi-
dimensional scaling (MDS) and phylogenetic networks. Population structure was 
characterized through the use of F-statistics (FST) and analysis of molecular variance 
(AMOVA). Genetic drift was ascertained through neutrality test statistics and 
heterozygosity vs. distance from the centroid. Phylogeographic analysis included 
SAMOVA, genetic landscapes, and Monmonier’s algorithm.  
FIELD METHODS 
During the Fall of 2007, buccal swabs, mouth rinses, and genealogical 
information were collected for 75 (48 females, 27 males) Rama participants by Phillip 
Melton and Norberto Baldi, with the assistance of Rama elder Cleveland Macrea and 
his son Jerry Macrea in the communities of Rama Cay and Sumo Kat, Nicaragua. 
Permission for this study was granted by the University of Kansas Institutional 
Review Board (IRB) on human subjects. All participants signed an informed consent 
statement (Appendix A) and were provided as required contact information for the 
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researchers in case of future questions. In Sumo Kat a community meeting was 
organized and the basic goals of the project were discussed. Individuals who wished 
to participate visited the research site the next day. In Rama Cay, Cleveland Macrea 
made an announcement during the Sunday church service and individuals visited the 
research station the same day. Additional biological information was obtained from 
Dr. Ramiro Barrantes of the University of Costa Rica for 155 individuals from four 
indigenous Costa Rican populations (Chorotega n=30, Maléku n=35, Guaymi n=50, 
Zapáton Huetar n=40). The composition of each population by community and sex is 
shown in table 2 and their geographic location is displayed in figure 12. This resulted 
in a sample of 230 individuals from five indigenous Central American populations for 
this project. Comparative data on additional Chibchan populations was obtained from 
the literature (Santos et al. 1994; Kolman et al. 1995; Batista et al. 1995; Kolman and 
Bermingham 1997) and Master’s thesis research conducted by Phillip Melton on 
Colombian Chibchan populations (Melton 2005; Melton et al., 2007). 
 
Figure 11: Geographic distribution of the five studied populations and other neighboring Native 
American indigenous groups. Chibchan speakers in white and neighboring populations in yellow. 
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Table 2: Study populations, communities where samples were obtained, male and female sample size 
and total sample size. 
Population Community Males Females Total 
Size Nicaragua    
Rama Sumo Kat 14 17 31 
 Rama Cay 13 31 44 
Rama Total  27 48 75 
Costa Rica    
Chorotega Matambú 25 5 30 
Maléku Tongibe 4 11 15 
 Margarita 10 10 20 
Maléku Total  14 21 35 
Huetar Zapáton 13 27 40 
Guaymi Dos Brazos 0 16 16 
 Abrojo 19 15  
Guaymi Total  19 31 50 
TOTAL  98 132 230 
 
LABORATORY METHODS 
DNA EXTRACTION 
 All Rama DNA was extracted from mouth rinses using the Chelex method in 
the Genetics Laboratory at the University of Costa Rica. In the field, saliva was 
collected by having individuals swish 10mL of distilled water in their mouths and 
expectorate into a Dixie cup. The biological samples were then poured into a 15 mL 
collection tube and cells were allowed to settle to the bottom. Upon the return to the 
Genetics Laboratory in Costa Rica, a bulb pipette was used to transfer cells into a 2.0 
mL microcentrifuge tube. The cells were pelleted in a microcentrifuge at 10,000 RPM 
for five minutes. The aqueous overflow was discarded and 100 µL of 10% Chelex 
solution was added to each sample. The suspended cells were placed in a 100°C water 
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bath for 10 minutes. This step lysed the cells and released DNA and proteins. The 
next step involved placing the samples on ice for three minutes, allowing for the 
Chelex to bind to everything except the DNA. Samples were centrifuged for five 
minutes at 10,000 RPM in order to pellet the Chelex bound material. The aqueous 
overflow, containing the DNA was transferred to new 0.5 mL tubes and stored at 4°C. 
This procedure was repeated twice for all Rama individuals. The presence and 
quantity of DNA was determined through the use of a spectrophotometer in the 
Molecular Biosciences department at the University of Costa Rica. DNA from the 
four Native Costa Rican populations was obtained from blood and extracted using 
phenol chloroform (Barrantes et al. 1990). Twenty five µM of DNA from each of the 
155 samples was transferred to new 0.5 mL tubes and transported to the Laboratory 
of Biological Anthropology at the University of Kansas for analysis.   
MTDNA ANALYSIS 
 Mitochondrial DNA analysis consisted of RFLP and sequencing of the HVS-I 
region of the mitochondrial genome. RFLP analysis consisted of identifying specific 
regions of mtDNA using polymerase chain reaction (PCR). Components for the 
RFLP PCR included 2.5 µL of 10X PCR Buffer (provided by Promega), 4.0 µL of 
MgCl2 (25mM), 0.5 µL of dNTP nucleotide mix, 0.2 µL of GoTaq polymerase 
(Promega), 7.8 µL of ddH2O, 2.5 µL of forward primer (10 pmole/µL), 2.5 µL of 
reverse primer (10 pmole/µL), and 1 to 3 µL of sample DNA (if more or less DNA 
was used, the ddH2O was adjusted accordingly). This resulted in a 25 µL volume for 
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each sample. All reagents were purchased from Promega (Madison, WI) except for 
olgionucleotide primers, which were synthesized at Integrated DNA Technologies 
(Coralville, IA). Primers and their associated mtDNA haplogroups used in this 
research are listed in table 3. PCR reactions were run on a Perkin Elmer 2400 or an 
Applied Biosystems 9600.  
Table 3: Primer pairs for mtDNA haplogroups and HVS-I sequence primers used in this study. 
Haplogroup Primer Pair Sequence (5´→ 3´) AT* 
A2 (+HaeIII 663) 535FOR 
725REV 
CCCATACCCCGAACCAACC 
GGTGAACYCACYGGAAGGGG 
57ºC 
B2  (+HaeIII 8250) 8149FOR 
8366REV 
ACCGGGGGTATACTAACGGT 
TTTCACTGTAAAGAGGGTTGTTGG 
53ºC 
C1  (-HincII 13259 
& +AluI 13262) 
13172FOR 
13383REV 
GCTTAGGCCCTATCACCA 
GTTGTGGATGATGGACCC 
51ºC 
D2 (-AluI 5176) 5151FOR 
5481REV 
CTACTACTATCTTCGCACCTG 
GTAGGAGTAGCGTGGTAAG 
53ºC 
HVS-I 15976 FOR 
16422 REV 
CCACCATTAGCACCCAAAGCTAAG 
AATGATTTCACGGGAGGATGG 
55ºC 
*=Annealing temperature 
The reactions were run according to the following thermal profile: 1) 
denaturing at 94°C for 40 seconds; 2) annealing for 30 seconds at the lowest melting 
temperature for each primer pair (see table 3); 3) extending at 72°C for 45 seconds. 
These steps were repeated for between 30 to 35 cycles. Reactions were checked for 
PCR product on a 1.5% agarose amplification gel using electrophoresis at 97 volts for 
approximately one hour. The reagents for the agarose gel included 100µL of 1X TBE, 
1.5g of SeaKem agarose, cooled to 45°C and stained with ethidium bromide. A total 
of 5 µL of PCR product and 2 µL of 6X loading dye (Promega, Madison WI) were 
added to each well and checked against a 50 bp DNA ladder (Promega, WI) and a 
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positive (sample of know haplogroup) and negative control (ddH2O) DNA was 
visualized through ultraviolet light. 
 After the initial PCR amplification, base substitutions or insertion/deletion 
events were characterized with restriction endonucleases. This research investigated 
the restriction site variation of samples characterized for each of the four major 
Native American mtDNA haplogroups (A2, B2, C1, and D1). These haplogroups are 
characterized by cut sites determined by specific restriction enzymes (HaeIII, HincII, 
AluI, and DdeI). The restriction enzymes and associated mtDNA haplogroup used in 
the study are listed in table 3. Reagents for the restriction digest include 2.0 µL of 
10X RFLP buffer (New England Biolabs, Beverly, MA), 1.0 µL of 100 X bovine 
serum albumin (BSA), 0.5 µL of restriction enzyme (New England Biolabs, Beverly, 
MA), 9.0 µL of ddH2O, and 7.5 µL of PCR product DNA. This resulted in a reaction 
volume of 20 µL per sample. RFLP samples were digested for ten to eighteen hours 
at 37°C using the appropriate restriction enzyme. The reaction was stopped by the 
addition of 5 µL of 3X loading dye to each sample. Digested fragments were 
visualized on a 3% 3:1 NuSieve gel (ISC BioExpress, Kaysville, UT) at 97 volts for 
two hours. The digested products were visualized under ultraviolet light. 
 All 230 samples were characterized for the four founding mtDNA Native 
American haplogroups (A2, B2, C1, and D1) in a hierarchical fashion. Previous 
research on Chibchan populations had indicated that the majority of these populations 
belonged to haplogroups A2 and B2. All 230 individuals in this research were tested 
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for haplogroup A2, which is recognized through the presence of a HaeIII cut site at 
mtDNA nucleotide (nt) site 663. Those who do not belong to A2 were tested for 
haplogroup B2 through the presence of a HaeIII cut site at nt 8250. Remaining non 
A2 and B2 individuals were tested for haplogroup D1 through the presence of an AluI 
cut site at nt 5176. The remaining individuals were tested for haplogroup C1. If the 
individual did not belong to any of the Native American haplogroups, the HVS-I 
sequence of that individual was used to determine the mtDNA haplogroup. Samples 
were scored with a 1 if a restriction site was absent and a 2 if a site was present. 
 Approximately 400 base pairs (16000-16400 nt) of HVS-I of the mtDNA 
control region were sequenced on an automated capillary system using the Sanger 
dideoxy method (Sanger 1977). In preparation for sequencing, DNA templates were 
created using a 25 µL PCR reaction (same protocol as RFLP PCR). Primers annealing 
temperatures and primer information used for DNA sequencing are listed in table 3. 
Amplified PCR products were checked for on a 1.5% agarose amplification gel. 
These products were then purified using a QIAquick kit (Qiagen Valencia, CA) 
according to the manufacturer’s instructions. A 5:1 ratio of Buffer PB was added to 
the PCR product in order to bind the DNA and this solution was then placed in a spin 
column and centrifuged at 13,000 RPM for one minute. Each sample was washed 
with 750 µL of Buffer PE and centrifuged at 13,000 RPM for one minute. The 
column was transferred to a new 1.5 mL tube and 30 µL of ddH2O was added and 
allowed to stand for one minute. The solution in the 1.5 mL tube was centrifuged for 
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one minute at 13,000 RPM in order to release purified DNA sample from column and 
collected in the bottom of the tube.  
 The DNA templates were sequenced at the University of Kansas Sequencing 
Laboratory by Dr. Michael Grose. These samples were analyzed using Big Dye 
Sequencing kits on an ABI 3130 Sequencer (Applied Biosystems, Foster City, CA).  
The sequencing reaction included: 4.0 µL of Big Dye Ready Reaction Mix; 1.0 µL of 
either forward or reverse primer; and 4.0 µL of DNA template. This PCR reaction 
was run according to the following thermal profile: 1) 96°C for 10 seconds; 2) 50 °C 
for five second; and 3) 55 °C for four minutes and repeated 25 times. Unused primers 
and dNTPs were removed by passing them through a spin column and dried in a 
speed vacuum. Following manufacturer’s instructions, dried samples were prepared 
for sequencing by adding 20 µL of ABI template suppression buffer heated to 95 °C 
for three minutes and then placed on ice. DNA sample were then transferred to ABI 
tubes and loaded onto the ABI 3130 sequencer. The sequencing gels were run 
overnight and the resulting chromatogram data were recorded on a computer. 
 The mtDNA sequencing chromatograms were edited using the BioEdit 
computer program (Hall 1999) and compared to the revised human Cambridge 
Reference Sequence (CRS) (Anderson et al. 1981; Andrews et al. 1999). Variations 
in nucleotides deviating from the CRS were recorded as DNA sequence variants.  
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Y-CHROMOSOME ANALYSIS  
 Male participants in this study were characterized for Y-chromosome STRs 
and SNPs. The STR analysis was done at the Laboratory of Biological Anthropology 
at the University of Kansas by the author. Eight STRs (DYS19, DYS389I, DYS389II, 
DYS 390, DYS391, DYS 392, DYS 393, and DYS439 see table 4) were analyzed in 
three separate PCR reactions and multiplexed for fragment analysis on an ABI 3130 
at the KU Sequencing laboratory by Dr. Michael Grose.  
Table 4: Y-Chromosome STRs used in the study 
STR Repeat Sequence* Ref. 
DYS19 (TAGA)3tagg(TAGA)n 4 
DYS389I (TCTG)3 (TCTA)n 2, 3 
DYS389I (TCTG)n(TCTA)nN28(TCTG)3 (TCTA)n 2, 3 
DYS390 (tcta)2(TCTG)n (TCTA)n(TCTG)n(TCTA)ntca(tcta)2 2, 3 
DYS391 (tctg)3(TCTA)n 2, 3 
DYS392 (TAT)n 2, 3 
DYS393 (AGAT)n 2, 3 
DYS439 (GATA)n 1 
* GenBank top strand; References: 1. Ayub et al. 2000; 2. De Knijff et al. 1997; 3. Kayser et al. 1997; 
4. Roewer et al. 1992; 
 
The following PCR protocol was used for the first Y-Chromosome multiplex 
reaction (DYS390, DYS391, and DYS393): 4.4 µL 5X Flexi Buffer: 3.8 µL MgCl2; 1 
µL dNTP; 0.3 µL GoTaq Polymerase; 0.4 µL BSA; 5.7 µL ddH2O; 2.0 µL primer 
mix; 4.4 µL DNA dilution. This solution resulted in a total volume of 22 µL for each 
sample. Amplification reactions were run on a Perkins Elmer 2400 according to the 
following parameters: initial incubation at 94 °C for 3 minutes; 35 cycles of 
denaturing at 94°C for 30 seconds, annealing at 57°C for 30 seconds, and extension at 
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72 °C for 30 seconds; a final extension at 72 °C for three minutes; and then on hold at 
4 °C.  
The following PCR protocol was used for the second Y-Chromosome 
multiplex (DYS19, DYS391, DYS393, DYS439) and for DYS389 I/II: 3.6 µL 5X 
Flexi Buffer; 3.1 µL MgCl2; 1.0 µL dNTP; 0.3 µL GoTaq polymerase; 0.3 µL BSA; 
4.1 µL ddH2O; 2.0 µL (0.8 µL forward and reverse for DYS389I/II); and 3.6 µL 
DNA dilution. This solution resulted in an 18 µL total volume for each sample. 
Amplification reactions were run on a Perkins Elmer 2400 according to the following 
parameters: initial incubation at 94 °C for 3 minutes; 35 cycles of denaturing at 94°C 
for 25 seconds, annealing at 56°C for 30 seconds, and extension at 72 °C for 30 
seconds; a final extension at 72 °C for three minutes; and then on hold at 4 °C. All 
reagents for these PCR protocols were purchased from Promega (Madison, WI) 
except for the fluorescent tagged primers that were purchased from Integrated DNA 
Technologies (Coralville, IA). A total of 5 µL from each PCR sample was added to 
85 µL of ddH2O for restriction fragment analysis at the KU Sequencing laboratory. 
An ABI 3130 Sequencer (Applied Biosystems) was used for electrophoresis and 
detection of amplified product.  
Y-Chromosome SNP analysis was completed at the University of Kansas 
Laboratory of Biological Anthropology by the author. In order to identify specific Y-
SNPs, Y-Chromosome STR haplotypes matches were checked at http://ysearch.org 
and tested for corresponding Y-SNP haplogroups. Y-SNPs were investigated in a 
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hierarchical fashion. All male samples were investigated for the Y-chromosome SNP 
Q-M3. Subsequent SNPs investigated included R1b, E3, and Q-P36. The PCR 
protocol for this procedure was as follows: 5µL of 5X flexi buffer; 4.3µL MgCl2; 
0.5µL dNTP mix; 0.2µL GoTaq polymerase; 5.0µL ddH2O; 2.5µ forward primer; 
2.5µL reverse primer; and 5.0µL DNA dilution. PCR ingredients were purchased 
from Promega (Madison, WI), except for the primers which were synthesized by IDT 
(Coralville, IA). Primers and annealing temperatures are show in table 5. PCR 
products were run on a Perkin Elmer 2400 according to the following thermal profile: 
initial denaturation at 94ºC for one minute; and then 35 cycles of denaturing at 94ºC 
for 40 seconds, annealing for 30 seconds, and extension  
Table 5: Primers for Y-SNP Analysis 
*AT=Annealing temperature.  
at 72ºC for 45 seconds; a final extension of 5 minutes at 72ºC, and a hold at 4ºC. 
Resulting DNA templates were cleaned using QiaQuick kits (see page 92), and 
Y SNP 
(Haplogroup) 
Primer 
Pairs 
Sequence 
(5´→ 3´) 
AT* 
M3 
(Hap Q3) 
M3 FOR 
M3 REV 
TAATCAGTCTCCTCCCAGCA 
AAAATTGTGAATCTGAAATTTAAGG 
60ºC 
P36 
(Hap Q) 
P36 FOR 
P36 REV 
TGAAGGACAGTAAGTACACA 
TAAGTCCATTGATCTACAGA 
62ºC 
M269  
(Hap R1b) 
R1b FOR 
R1b REV 
CTAAAGATCAGAGTATCTCCCTTTG 
AAATTGTTTTCAATTTACCAG 
58ºC 
P39 
(Hap C) 
P39FOR 
P39REV 
AGAAGGACTGCCTCAGAATGC 
GTTCGAAAGGGGATCCCTGG 
60ºC 
P2 
(Hap E3) 
P2 FOR 
P2 REV 
GATGCAAATGAGAAAGAACT 
CTAAAAACTGGAGGGAGAAA 
62ºC 
M286 
(Hap G2a) 
M287 FOR 
M287 REV 
TTATCCTGAGCCGTTGTCCCTG 
TGTAGAGACACGGTTGTACCCT 
60ºC 
M170 
(Hap I) 
M170 FOR 
M170 REV 
TGCTTCACACAAATGCGTT 
CCAATTACTTTCACCATTTAAGACC 
60ºC 
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sequenced by Dr. Michael Grose at the University of Kansas Sequencing Laboratory. 
Sequences were aligned in the program BioEdit (Hall 1999) and the presence of SNP 
DNS sequence variants were recorded and used for Y chromosome haplogroup 
assignment.  
ANALTYICAL TECHNIQUES 
Diversity Measures 
 Haplotype diversity, nucleotide diversity, and neutrality test statistics were 
calculated for haplotypic data using the computer program Arlequin 3.1 (Excoffier et 
al. 2005). Haplotype diversity (Nei 1987) was calculated for mtDNA HVS-I 
sequences and Y-chromosome STR data. This measure is equivalent to the expected 
heterozygosity for diploid systems and is calculated using the equation 
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where n represents the sample size, k is the number of haplotypes, and pi is the 
frequency of the ith haplotype. This is considered a stable measurement and is 
believed to be less responsive to genetic drift and recent demographic events 
(Helgason et al. 2003). Nucleotide diversity for mtDNA HVS-I sequence data was 
calculated as  
∑=
a
ij
ijji dXXπ                      (2) 
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where q is the total number of alleles, Xi is the frequency of the i-th allele in the 
population, and dij is the number of nucleotide differences between alleles i and j. 
Nei’s (1987) coefficient of gene differentiation (GST) was used to determine diversity 
in classical genetic polymorphims. This was calculated in DISPAN (Ota 1993) using 
the equation 
            (3) 
where HT is the gene diversity among subpopulations (i.e, average of the allele 
frequencies for total data set), and HS is the gene diversity within subpopulations (i.e, 
the average of gene diversities for individual populations). 
MEASURES OF SELECTIVE NEUTRALITY 
 In order to determine if mtDNA HVS-I sequences were statistically significant 
under the neutral equilibrium model, two measures of selective neutrality: Tajima’s D 
(Tajima 1989) and Fu’s FS (Fu 1997) were investigated. The neutral evolution model 
is based on the standard Wright-Fisher evolutionary model and makes the following 
five assumptions: 1) a constant population size of N individuals; 2) random mating; 
3) no overlapping generation: 4) no recombination; and 5) an infinite sites constant 
mutation rate process whereby an offspring differs from its parent allele by a Poisson-
distributed number of mutations with mean µ (Simonsen et al. 1995). These neutrality 
test statistics are appropriate for distinguishing population growth from constant size 
groups. Population growth generates an excess of mutation in the external branches of 
a genealogy and therefore an excess of substitutions that are present in only one 
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sampled sequence (Ramos-Onsins and Rozas 2002). These mutations then lead to a 
star-like phylogeny that includes a large central node with several radiating spokes 
represented by a single individual. 
 Tajima’s D uses mutation frequency information and is based on an infinite 
sites model without recombination (Tajima 1989). Therefore, this statistic is more 
appropriate for short DNA sequences or RFLP haplotypes. Tajima’s D compares two 
estimators of mutation parameter θ, where θ=2Neµ (for haploid data, 4Neµ). The 
parameter Ne  is the effective population size and µ is equal to the mutation rate of the 
locus under investigation. The neutrality test statistic D is estimated as 
( )S
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where θπ is equivalent to the mean number of pairwise differences between sequences 
(π) and θs is based on the number of polymorphic sites. Negative scores are indicative 
of larger values for θs relative to θπ and signify the potential effects of population 
expansion. However, significant Tajima’s D values may be caused by factors other 
than population expansion, including population bottlenecks, background selection or 
mutation rate heterogeneity (Aris-Brosou and Excoffier 1996; Schneider et al. 2000).  
 Fu’s Fs is also based on the infinite-site model without recombination but 
utilizes information from the haplotypes distribution. This neutrality test statistic is 
defined using the equation  
'
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where S’ is the probability of observing a random neutral sample and is defined as S’ 
= PR(K ≥ kobs|θ = θπ), where k equals the number of alleles similar or less than the 
observed value given θπ and Fs is the logit of S’. Negative Fs values are indicative of 
an excess of alleles and signify population expansion. This neutrality test statistic is 
considered less conservative that Tajima’s D and more sensitive to large population 
expansions expressed as large negative numbers whereas positive Fs values indicate 
groups impacted by genetic drift (Fu 1997; Ramos-Onsins and Rozas 2002). 
MULTIDIMENSIONAL SCALING PLOTS (MDS) 
 In order to visualize biological relationships in reduced dimensional space 
multi-dimensional scaling plots (MDS) were constructed for mtDNA sequences, Y-
chromosome STR data, and classical genetic markers using the NTSYS 2.1 computer 
program (Applied Biostatistics, Inc. Setanket NY). For mtDNA HVS-I sequences 
Tamura and Nei (1994) distances were used with a γ-value of 0.26 (Meyer et al. 
1999). The Tamura and Nei distance corrects the percentage of nucleotides by which 
two base pairs differ and takes into consideration different mutation rates for 
transitions and transversions, by making a distinction between purine and pyrimidine 
transition rates. The γ-value of Meyer et al. (1999) corrects for mutation rate 
heterogeneity in the mtDNA HVS-I region and allows for a less biased estimate of 
genetic diversity and population history parameters. For Y-STR data Slatkins linear 
FST distance was utilized (Slatkin 1995). Both these genetic distances were calculated 
in Arlequin 3.1 (Excoffier et al. 2005). For classical genetic markers standard genetic 
distances were used and computed in the computer program DISPAN (Ota 1993).  
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MDS is a ordination method that is similar to Principal Coordinates and 
displays the dissimilarity of n objects represented in k-dimensional space (Kruskal 
1964). This method is considered to be more precise than Principal Coordinate 
Analysis (PCA) in preserving small inter-point differences. This is because PCA 
maximizes variances and thereby gives greater weight to larger distances. Therefore, 
MDS is more appropriate for geographically proximal populations such as Chibchan- 
speaking groups. The MDS algorithm begins with a set of points produced by a PCA. 
The first step is to compute distances (d*ij) between all pairs of points (ij). These 
distances are then compared to the original distance (dij). A monotonic function (dfij) 
is fitted to the variables and differences are computed as a sum of squared deviations. 
A stress value is then calculated in order to determine the goodness of fit of the 
projected to the original distances and is calculated with the equation 
( )
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The project points are adjusted in order to lower the stress value. The stress value is 
considered a goodness-of-fit value. A high stress value is indicative that the chosen 
number of dimensions is not an accurate reflection of relationship between a set of 
objects. The stress level is dependent on the number of investigated data points. If the 
stress level is representative of less than 1% probability of obtaining a random 
distribution then resulting plot may be considered non-random and an accurate 
reflection of the investigated data. For example, a data set of 38 objects with a stress 
of 0.168 and displayed in two dimensions has a maximum stress of 0.348 before it 
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will be considered random. Therefore, a stress value of 0.168 in two-dimensions is 
considered non-random or not without structure (Sturrock and Roche 2000). MDS 
plots were constructed in Minitab v12 (Minitab Inc., State College, PA). 
MEDIAN JOINING NETWORKS 
 Phylogenetic network analysis utilizing the median-joining method was used 
for determining genetic relationships among haplotypes found within the studied 
populations for mtDNA HVS-I sequence and Y-chromosome STR data. These types 
of networks offer an advantage over traditional phylogenetic tree building methods 
that utilize maximum parsimony or likelihood, because networks are able to 
differentiate between irresolvable and resolvable character conflict errors that may 
occur due to homoplasy. The resulting network then represents “all most 
parsimonious trees” by highlighting conflicts in the form of reticulations that can be 
interpreted as homoplasy, recombination, or sequencing errors (Bandelt et al. 1995).  
Median joining (MJ) phylogenetic networks are applicable for this research 
because this analysis deals with multi-state data (nucleotide sequences and STRs). 
The assumptions of this type of network are that ambiguous states are infrequent and 
that recombination is absent. These assumptions are met for mtDNA sequences and 
Y-chromosome STRs when a stepwise mutation model is utilized (Bandelt et al. 
1999). MJ networks for all four major Native American haplogroups (A-D) were 
generated individually. These resulting mtDNA networks were then reconstructed in 
the computer graphics program Fireworks (Adobe-Macromedia, San-Jose CA) and 
joined together based on a phylogeny of East-Asian HVS-I sequences (Kivisild et al. 
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2002). Y-chromosome STR networks were reconstructed for the major Y-
Chromosome networks present in these Chibchan populations. For these analyses the 
Y389I STR repeat was subtracted from DYS389II repeat in order to treat them as two 
separate alleles. The output from the reduced median network analysis was used for 
input in constructing the median joining network in order reduce any large 
phylogenetic unrealistic reticulations in the network. Both mtDNA HVS-I sequencing 
and Y-chromosome STR networks were visualized using the computer program 
Network 4.0 (www.fluxus-engineering.com).   
HETEROZYGOZITY Versus rii 
 In order to determine the effects of gene flow vs. genetic drift heterozygosity 
vs. distance from the centroid (rii) were plotted for classical genetic markers, Y-
Chromosome STRs, and mtDNA HVS-I sequence data. This method uses the 
following equation: 
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where rii is the distance from the centroid for a particular allele in the ith population, 
pi is the frequency of the allele in the ith population, and  is mean frequency of the 
allele for all populations. Mean heterozygosity and rii values were calculated in the 
computer program ANTANA (Harpending and Rogers 1984), and regressed in 
Minitab ver. 12.0 (Minitab, Inc., State College, PA). Gene diversity measures were 
substituted for heterozygosity data for haplotypic data (Y-chromosome STRs and 
mtDNA HVS-I). According to Harpending and Ward (1982), there is a linear 
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relationship between heterozygosity and rii.. Therefore, any deviations from this 
relationship indicate that a particular population experiences either gene flow or 
genetic drift depending on its relationship to the theoretical regression line. Those 
populations that appear above the regression line and close to the X-Y axis are 
considered to be undergoing gene flow while those below the regression line and 
furthest from the X-Y axis are considered to be experiencing genetic drift.  
POPULATION STRUCTURE 
In order to quantify the effect of population substructure between the two major 
cultural areas (Mesoamerican and Isthmo-Colombian) in Central America, FST 
(Wright, 1931) values were calculated for classical genetic polymorphisms, mtDNA 
haplogroups, and Y-chromosome STRs with frequency data obtained from the 
literature. FST is a useful measure for examining the overall level of population 
subdivision relative to the total population and is calculated using the equation 
HT
HSHTFST
−
=                       (8) 
where HT is equivalent to the total heterozygosity in the population and HS is the 
average heterozygosity across all subpopulations. Traditionally, values from 0 to 0.05 
indicate little differentiation between populations, while 0.05 to 0.15 indicate 
moderate genetic differentiation, values from 0.15 to 0.25 indicate high 
differentiation, and values above 0.25 indicate great differentiation (Hartl and Clark 
1997). Data for classical genetic polymorphisms were obtained for seven (20 alleles) 
blood group markers (ABO, MN, Rh, Fy, Duffy, Kidd, and Diego) in 18 Native 
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Central American populations. In order to test if FST values were statistically different 
between cultural areas, populations were subdivided into two groups: the first from 
lower Central America (Miskito, Sumo, Rama, Lenca, Pech, Boruca, Bribri, Cabecar, 
Teribe, Guaymi, Choco); and seven populations from Mesoamerica (Subtiva, 
Chorotega, Mam, Tolupan, Kekchi, Cackchi, and Choco). mtDNA data for four 
Native American haplogroups (A2, B2, C1, and D1) were obtained from study data 
and the from the literature. Y-chromosome frequency data were obtained for four 
common STR makers (DYS19, DYS390, DYS391, and DYS393) and divided into 
five populations from lower Central America (Teribe, Huetar Combined, Guaymi, 
Bribri, and Cabecar) and a Pipil Nahua Mesoamerican group from five communities 
(Conchagua, San Alejo, Panchimalco, Izalco, and Nueva Concepción) from El 
Salvador. All FST values from these frequency data were obtained using the popstr 
routine in the computer program ANTANA. This routine calculates FST for each 
allele and then obtains the average for each allele (Harpending and Rogers 1984).   
In order to determine if population structuring could be determined between 
Mesoamerica and lower Central America using mtDNA HVS-I sequence data an 
AMOVA was conducted in Arlequin 3.11 (Excoffier et al. 2005). The populations 
were divided into three groups based on linguistic affinity (Mesoamerican, Chibchan, 
and Chocoan). The first group included two Mesoamerican populations (Maya and 
Chorotega), the 2nd group included seven populations from the Chibchan language 
family (Maléku, Ngöbé, Kuna, Quitirrisi Huetar, Zapáton Huetar, Guaymi, and 
Rama) and the third group included two Chocoan speaking groups (Emberá, 
107 
 
Wounan). AMOVA is analogous to a nested hierarchical analysis of variance 
(ANOVA) derived from a matrix of squared distances among all pairs of haplotypes. 
This method produces variance estimates and FST analogs that reflect the correlation 
of haplotypic diversity at different levels of population subdivision (Excoffier et al. 
1992). The following equation is used for the calculation of total sum of squared 
deviations (SSD): 
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where N equals the number of haplotypes and δ2jk is the Euclidean distance between 
haplotypes j and k. This partitions haplotypes into three categories: SSD within 
populations, SSD between populations, and SSD among populations. Mean squared 
deviation is calculated by dividing the corresponding SSD with the appropriate 
degrees of freedom (Excoffier et al. 1992). Statistical significance is then determined 
through covariance components with different levels of genetic structure (Excoffier et 
al. 2005). Analysis was conducted in Arlequin 3.11 using pairwise FST values 
corrected with a Tamura and Nei (1993) model of substitution and γ-value of 0.26 
(Meyer et al. 1999). Statistical significance was estimated by bootstrapping 1,000 
times (Excoffier et al. 2005). 
DIVERGENCE TIMES 
Divergence times were calculated in Arlequin 3.11 (Excoffier et al. 2005) 
using the model of Reynolds et al. (1983) for mtDNA HVS-I data. This model uses 
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pairwise FST data and estimates divergence with the equation D = -log (1-FST), which 
approximates dates as t/N where t refers to the divergence time and N refers to 
haploid population size. Dates were approximated using the mtDNA mutation rate of 
33% per million years (Ward et al. 1991). 
PHYLOGEOGRAPHICAL ANALYSIS 
 Spatial analysis of molecular variance (SAMOVA), Monmonier’s maximum 
difference algorithm, and genetic landscapes were used to characterize patterns of 
genetic discontinuity in studied groups and neighboring indigenous populations 
inhabiting lower Central America. First, SAMOVA was applied in order to identify 
partitions of population groupings based on HVS-I sequence using the computer 
program SAMOVA 1.0 (Dupanloup et al. 2002). This analytical method is based on 
simulated annealing procedure and maximizes the proportion of total genetic variance 
due to differences among groups of populations (FCT). The final number of groups 
(K) is based on the largest amount of variation shown value FCT and it remains 
statistically significant. In contrast to other measures of genetic structure where 
groups are defined a priori based on geographical, linguistics, or ecological factors, 
SAMOVA determines groups classification solely on genetic information (Nasidze et 
al. 2004). Analyses were based on 100 annealing steps and examined maximum 
indicators of differentiation (FCT values) when the program was instructed to 
categorize K=2 to K=12 partitions of population groupings. In addition to determine 
population groups based on genetic data, SAMOVA also putatively identifies genetic 
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barriers between groups. In this way SAMOVA is comparable to Monmonier’s 
maximum difference algorithm. 
 Monmonier’s maximum difference algorithm (Monmonier 1973) is a 
geographical regionalization procedure used to detect barriers to gene flow by 
identifying groups of contiguous distances along connectivity networks (Dupanloup 
et al. 2002; Manni et al. 2004; Miller 2005). This algorithm locates the edges 
(“barriers”) associated with the highest rate of change in a given distance measure.  
This algorithm is then applied to connectivity network generated using Delaunay 
triangulation between geographical coordinates of studied populations (Brouns et al. 
2003). After the triangulation is constructed, genetic barriers are identified by 
superimposing the highest rates of change of the connectivity network, which 
determines potential geographical barriers reflected by genetic data. Monmonier’s 
algorithm was applied using the computer program Alleles in Space (Miller 2005) for 
mtDNA HVS-I sequences.  
 The final phylogeographic technique applied in this research was interpolated 
genetic landscapes (Miller 2005) for HVS-I sequence data. This procedure also 
begins with the construction of a Delaunay triangulation connectivity network and 
assigning genetic distances (Zi, computed as the average pairwise distances between 
individuals from different populations) to geographical coordinates (Xi, Yi) at n edges 
of the connectivity network. Next, inverse-weighted diverse interpolation (Watson 
1992) is used to infer genetic distances between locations assigned on a uniformly 
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spaced grid of the geographic landscape. For each grid coordinate (x, y), a genetic 
distance (z) is inferred from each of i=1 to n genetic distances (Zi) using the equation 
∑
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where wi is a weighting function assigned to each Zi  and is inversely proportional to 
geographic distances between grid coordinates (x, y) and the actual geographic 
coordinates (Xi, Yi), assigned to each of the n values of Zi. The value for wi is 
calculated using the equation: 
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and a is a weight value for distance. Larger values of a cause interpolated points to be 
closer together and lower values cause allow all points to equally influence 
interpolated values. This procedure results in a three-dimensional representation of 
geographic and genetic distances with higher regions of genetic differentiation 
observed above the x-y plane and regions of genetic similarity below the x-y plane. 
Interpolated genetic landscapes were generated in the program Alleles in Space 
(Miller 2005).  
ADMIXTURE ESTIMATES 
 Admixture estimates for paternal and maternal lineages for the five study 
populations were algebraically calculated. This estimation assumed that mtDNA 
haplogroups (A2, B2, and D1) and Y-chromosome haplogroup Q3 represent the 
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Native American component and all other haplogroups are the result of European or 
African gene flow into these populations. Admixture estimates for mtDNA from four 
of the five study populations was unnecessary as only the Huetar Zapáton 
demonstrated any non-Native maternal admixture.    
SUMMARY: 
 This chapter reviewed the field work, laboratory methods, and analytical 
techniques applied in this dissertation research. Fieldwork was conducted with the 
Rama Indians of the Caribbean coast of Nicaragua and resulted in the collection of 
biological samples from 75 individuals from two communities (Sumo Kat, Rama 
Cay) after obtaining informed consent. An additional 155 biological samples were 
obtained from four Costa Rican Native American groups (Chorotega, Maléku, 
Zapáton Huetar, and Guaymi) from Dr. Ramiro Barrantes at the University of Costa 
Rica. These biological samples were characterized for mtDNA RFLP and HVS-I 
sequences as well as Y-chromosome SNPs and STRs. Comparative classical genetic 
markers were obtained from the literature and analyzed. A number of analytical 
techniques were applied to these resulting molecular data in order to determine: 1) the 
impact of evolutionary forces operating on these populations, biological relationships 
among Chibchan-speaking groups and other indigenous populations in lower Central 
and northern South America; 2) if significant differences in populations structure 
were observable between Mesoamerica and lower Central America; 3) if genetic 
“barriers” were present in the region. These analytical techniques included: 1) 
diversity measures; 2) Wright’s FST and Nei’s GST; 3) neutral test statistics; 4) 
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AMOVA; 5) SAMOVA; 6) MDS; 7) Median –Joining phylogenetic networks; 8) 
Monmonier’s maximum difference algorithm; and 9) interpolated genetic landscapes. 
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V. RESULTS 
This chapter presents the results of analyses using mitochondrial DNA RFLP 
and HVS-I sequences, Y-chromosome SNPs and STRs, and classical genetic 
polymorphisms. Analytical methods applied to these data included: diversity 
measures; neutrality tests; phylogenetic networks; MDS plots; AMOVA, SAMOVA; 
heterozygosity versus rii; Monmonier’s maximum difference algorithm; and 
interpolated genetic landscapes. 
MITOCHONDRIAL DNA 
RESTRICTION FRAGMENT LENGTH POLYMORPHISMS (RFLPs) 
 The RFLP analysis revealed that the five study populations contained three 
(A2, B2, D1) of the five major Native American haplogroups as defined by Schurr et 
al. (1990) and Torroni et al. (1992). Table 6 presents the mtDNA RFLP haplogroup 
data for the 230 individuals in the five study populations. Three of the populations 
(Rama, Maléku, and Guaymi) only contained haplogroups A2 and B2. Haplogroup 
A2 is the most common haplogroup in all of the study populations except for the 
Rama where B2 is at a higher frequency. This high frequency of haplogroup B2 
distinguishes the Rama from the other three Chibchan populations. Haplogroup D1 
was present in both the Zapáton Huetar and the Chorotega. Haplogroup D1 has 
previously been identified in the Quitirrisi Huetar (Santos et al. 1994). In addition, the 
Zapáton Huetar population exhibits African L2a (n = 2) and one European H1 (n =1) 
haplogroups. Haplogroup C1 was absent from all five of the study populations. These 
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RFLP data support earlier analysis that indicated that Central American Chibchan 
populations were primarily characterized by high frequencies of mtDNA haplogroup 
A and moderate frequencies of haplogroup B2 (Santos et al. 1994; Kolman et al. 
1995, Batista et al. 1995; Kolman and Bermingham 1997). The one exception to this 
finding is the Rama who demonstrated an exceptionally high frequency (92%) of 
haplogroup B2.    
Table 6: Percent of Native American RFLP haplogroups for five study populations: 
Population N %A2 %B2 %C1 %D2 %other 
Rama 75 8 92 0 0 0 
Maléku 35 92 8 0 0 0 
Zapáton Huetar 40 60 24 0 8 8 
Guaymi 50 78 22 0 0 0 
Chorotega 30 73 10 0 17 0 
 
Table 7 compares mtDNA haplogroup data from the five study populations to 
23 other Central (9), Caribbean (2) and South American (12) populations divided by 
geographic location and Chibchan ethnicity. These populations were also used for 
comparative data for the MDS plot (figure 16) used in this study and the geographic 
location of these populations is shown in figure 13. The Maléku have the highest 
frequency (92%) of haplogroup A2 in all the investigated populations. The high 
frequency of haplogroup A2 is shared with all the other Chibchan populations, with 
the exception of the Rama. This population is characterized by a high occurrence 
(92%) of haplogroup B2. The only other two comparative populations who share this 
high frequency of B2 are the Aché (90%) from Paraguay and the Xavante (84%) from 
Brazil. The absence of haplogroup C1 in Chibchan speakers from lower Central  
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Table 7: mtDNA Native American haplogroup frequencies in 28 South, Central, and Caribbean Native 
American mtDNA haplogroup frequencies. 
Population* N %A %B %C %D %Other 
CHIBCHAN 
Rama1 75 8 92 0 0 0 
Maléku1 35 92 8 0 0 0 
Zapáton Huetar1 40 60 24 0 8 8 
Quitirrisi Huetar2  27 70 4 0 26 0 
Guaymi1 50 78 22 0 0 0 
Ngöbé3 46 67 33 0 0 0 
Kuna4 79 77 23 0 0 0 
Kogi5 48 65 0 35 0 0 
Arsario5 50 68 0 32 0 0 
Ijka5 40 90 3 7 0 0 
CENTRAL AMERICAN 
Chorotega1 30 73 10 0 17 0 
K’iche Maya6 27 52 22 15 7 4 
Emberá7 44 23 52 25 0 0 
Wounan7 31 29 19 48 3 0 
SOUTH AMERICAN 
Wayuú5 46 37 26 35  2 
Cayapa8 120 29 40 9 22 0 
Shamatari9 151 0 56 32 12 0 
Yanamamõ10 129 2 9 26 31 5 
Aché11 64 10 90 0 0 0 
Xavante12 25 16 84 0 0 0 
Gavaio12 27 15 15 0 70 0 
Zoro12 30 20 7 13 60 0 
Pehuenche pooled)13,14 205 2 8 40 50 0 
Mapuche (pooled)14, 15, 16 208 5 20 33 39 3 
Yahgan14 21 0 0 48 52 0 
CARIBBEAN 
Ciboney17 15 7 0 60 33 0 
Tainos18 24 0 0 75 25 0 
*References: (1) This Study; (2) Santos et al. 1994; (3) Kolman et al. 1995; (4) Batista et al. 1995;    
(5) Melton et al. 2007; (6) Boles et al. 1995; (7) Kolman and Bermingham 1997; (8) Rickards et al. 
1999; (9) Williams et al. 2002; (10) Meriwether et al. 2000; (11)  Schmidt et al. 2005; (12) Ward et al. 
1996; (13) Meriwether et al. 1995; (14) Moraga et al. 2000; (15) Ginther et al. 1993; (16) Baillet et al. 
1994; (17)  Lalueza-Fox et al. 2003; (18) Lalueza-Fox et al. 2001. 
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Figure 13: Geographic location of 28 Native Central and South American populations used to 
investigate mtDNA HVS-I sequence variation (16050-16383) and used to create MDS plot shown in 
figure 16. K’iche Maya (Guatemala), Tainos, and Ciboney (Cuba) geographic location shown in figure 
12. 
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America is also confirmed by these analyses (Melton et al. 2007). The Chorotega, an 
Oto-Manguean speaking population from Costa Rica and Nicaragua are also 
characterized by high frequencies of haplogroup A2, low frequencies of B2, and 
moderate frequencies of D1. The presence of haplogroup D1, which is largely absent 
from northeastern South American populations is found among the Chibchan 
speaking Huetar, the Chocoan Wounan, and the K’iche Maya. In addition, this 
haplogroup occur at high frequencies in skeletal populations (Tainos, Ciboney) from 
Cuba. The presence of this haplogroup in populations neighboring Chibchan groups 
suggests that the majority of Chibchan speakers may have lost haplogroup D1 
through genetic drift or may have been introduced into the Huetar by neighboring 
Mesoamerican populations. 
 Based on the four hypotheses for the divergence of Chibchan populations the 
resulting mtDNA haplogroup data may be used to interpret the geographic location 
where this event occurred. The first hypothesis suggests that these populations 
diverged in South America and then migrated into Central America from either the 
Amazon or Caribbean region. Given the absence of haplogroup C1 and low frequency 
of D1 in Central American Chibchan populations, this scenario seems unlikely. The 
two Caribbean populations (Ciboney and Tainos) are characterized by high 
frequencies of C1 and D1, and the eastern South American groups also contain 
varying frequencies of these two haplogroups. The absences of these two haplogroups 
in Central American Chibchan populations indicates a reduced genetic diversity in 
these groups compared to other populations. Mesoamerican groups also contain three 
118 
 
or four of the Native American mtDNA haplogroups, once again indicating that 
genetic drift may be operating on Chibchan populations. The two-wave model 
suggests a combination of Mesoamerican and South American influence in Chibchan 
populations, but if either of these two earlier models do not address the geographic 
location question, this explanation may be rejected as well. This leaves the 
endogenous development of Chibchan populations as the only available alternative. 
However, the presence of two haplogroups (A2 and B2) does not directly answer the 
question if Chibchan groups diverged from an earlier hunter/gatherer population in 
the region as little ancient DNA data are available for the region but evidence from 
mtDNA haplotype data may provide more evidence regarding this hypothesis.   
HVS-I SEQUENCES 
The HVS-I sequencing results for a subset 131 (30 Rama; 14 Maléku; 24 
Zapáton Huetar; 39 Guaymi; and 24 Chorotega) individual sequences are shown in 
table 8. A total of 18 different haplotypes characterized by 22 different nucleotide 
variant sites were observed in these populations. All 22 of the observed DNA 
sequence variants were transitions and none were transversions. The Rama and 
Zapáton Huetar demonstrated the most haplotypes (7), followed by the Chorotega and 
Guaymi (6). The Maléku contained the least number of haplotypes (3) of any of the 
study populations. The haplotype CA8 is the most common mtDNA lineage, present 
in 33 individuals and all five study populations. This haplotype corresponds to the 
founding Native American mtDNA haplogroup B2 and is common throughout the 
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Americas. The second most frequent haplotypes CA2 individuals is shared by 26 
individuals and four (Rama, Guaymi, Zapáton Huetar, and Chorotega) of the five 
study populations. Haplotypes CA1 (19 individuals, CA4 (14 individuals), and CA5 
(13 individuals) are also common in these populations. Five (CA1, CA2, CA4, CA6, 
CA8) of the 18 observed haplotypes are shared among populations. Haplotype CA5 is 
characterized by a T-C transition at 16189 and is found only in the Chorotega. 
However, this haplotype is known to occur in other South American Chibchan 
speaking populations (Melton et al. 2007). The remaining 12 haplotypes occur in one 
and three individuals. The Chorotega share three haplotypes (CA2, CA6, and CA8) 
with the four Chibchan speaking populations. 
Table 8: mtDNA HVS-I sequences for five study population samples. Only variable sites are shown 
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 CRS** C T C C T T T C C T C C C G C C C G T C C C T - - - - -  
 
A2 
CA1 T - - - - - - T - - - - - - - T - A - - - - C 1 12 - 6 - 19 
CA2 T - - - - - - T - - - - - - - T - A - - - T C 1 - 9 11 5 26 
CA3 T C - - - - - T - - - - - - - T - A - - - - C - - - 1 - 1 
CA4 T - - T - - - T - - - - - - - T - A - - - - C 3 - - 11 - 14 
 CA5 T - - - C - - T - - - - - - - T - A - - - - C - - - - 13 13 
 CA6 T - - - - C - T - - - - - - - T - A - - - - C - 1  - 1 2 
 CA7 T - T - - - - T - - - - - - - T - A - - - - C - - 4 - - 4 
B4 CA8 - - - - C - C - - - - - - - - - - - - - - - - 19 1 5 8 1 33 
 CA9 - - - - C - C - - - - - - - - - T - - - - - - 2 - - - - 2 
 CA10 - - - - C - C - T - - - - - - - T - - - - - - 1 - - - - 1 
 CA11 - - - - C - C - T - - - - - - - - - - - - - - 3 - - - - 3 
 CA12 - - - - C - C - - - - - - - - - - - C - - - - - - - 2 - 2 
 CA13 - - - - C - C - - - - - - - - - - - C - - - C - - 2 - - 2 
 
D1 
CA14 - -  - C - - T - - - - - - - - - -  T - - C - - 1 - - 1 
CA15 - -  - - - - T - - - - - A - - - - C - - - C - - - - 3 3 
CA16 - -  - - - - - - C -  - A - - - - C - - - C- - -  - 1 1 
L2a CA17 - - - - - - - T - - - T - - T - - - - - - - - - - 2 - - 2 
H1 CA18 - - - - - - - - - - T - T - - - - - - - T - - - - 1 - - 1 
Total                         30 14 24 39 24 131 
 
 
*= Native American haplogroup nomenclature (Achilli et al. 2008), European haplogroup 
nomenclature (Loogvali et al. 2004), African haplogroup nomenclature (Salas et al. 2002). ** Revised 
Cambridge Reference Sequence (Andrews et al. 1999, Anderson et al., 1981). 
 HVS-I sequences that belonged to mtDNA haplogroups A2 and B2 
demonstrate the most variability and each contain seven haplotypes. All seven 
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lineages that belonged to A contain the 16111 CT transition, that along with 
16223T, 16290T, 16319A, and 16362C, which places them in the A2 haplogroup, 
found primarily in Native American populations. All seven B haplogroups contain the 
16217 TC transition, which places them in the B2 subclade that is common in 
Native American and East Asian population (Achilli et al. 2008). Four of the five 
study populations were characterized exclusively by Native American haplotypes. 
The only study population that demonstrated non-European maternal lineages was the 
Zapáton Huetar, which contain two African L2a (Salas et al. 2002) and one European 
H1 haplogroup (Loogvali et al. 2004). It is unlikely that the presence of HI is due to 
laboratory contamination because the author also belongs to European haplogroup H 
but his mtDNA HVS-I sequence is three base pairs different then the observed 
Zapáton Huetar sequence. This indicates that this HVS-I sequence was not the result 
of contamination during the PCR process. 
DIVERSITY AND NEUTRALITY MEASURES 
 Haplotype and nucleotide diversity values were calculated for all five study 
populations as well as for an additional nine Central and South American groups 
(table 9). Low haplotype diversity values are indicative of low genetic diversity as 
they represent polymorphisms shared by several individuals, whereas high haplotype 
diversity values suggest genetic differentiation among individuals within a 
population. Of the five study populations, the Maléku demonstrate the lowest 
haplotype diversity (0.274) whereas the Guaymi (0.812) have the highest haplotype 
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diversity. This is also the highest haplotype diversity values for all the investigated 
Chibchan speaking groups. Among comparative populations, the Ijka have the lowest 
haplotype diversity (h) value (0.185), which is the lowest known mtDNA diversity 
value for any South American population (Melton et al. 2007). The Emberá hace the 
highest h value (0.942) of any of the comparative populations. All groups 
demonstrate low nucleotide diversity values ranging from 0.001 in the Guaymi to 
0.02 in the Wounan.  
Table 9: Diversity values in Central American populations based on mtDNA HVS-I sequence data. 
Population* N # ht #  variant 
sites 
h Π D  Fu’s Fs 
CHIBCHAN 
Ngöbe2 46 7 12 0.763 0.012 1.68  3.39 
Kuna3 63 7 10 0.592 0.009 1.52  2.77  
Quitirrisi Huetar4 29 7 12 0.709 0.010 0.41  1.18  
Zapáton Huetar7 25 7 17 0.806 0.017 0.35 2.3 
Rama7 31 7 11 0.591 0.008 -0.49 0.06 
Guaymi7 39 7 12 0.812 0.001 1.01 2.33 
Maléku7 14 3 9 0.274 0.004 -1.93* 1.63 
Ijka8 31 3 12 0.185 0.004 -1.58* 2.96 
Kogi8 21 3 10 0.523 0.009 0.58 5.30 
Arsario8 28 4 10 0.725 0.012 1.98 5.74 
MESOAMERICAN 
Chorotega7 24 6 14 0.670 0.01 -0.585 1.42 
Maya5,6 34 18 27 0.930 0.017 -0.578 -4.90* 
CHOCOAN 
Emberá1 44 20 23 0.942 0.018 0.46  -4.38  
Wounan1 31 14 29 0.912 0.020 -0.27  -1.01  
#ht=number of haplotypes; h=haplotype diversity; π=nucleotide diversity; Tj’s D=Tajima’s D. 
1=Kolman and Bermingham 1997; 2=Kolman et al. 1995; 3=Batista et al. 1995; 4=Santos et al. 1994; 
5=Boles et al. 1995; 6=Torroni et al. 1993; 7=This Study; 8=Melton et al. 2007), * = p <0.05,    **= p 
< 0.01. 
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Two measures of selective neutrality (Tajima’s D and Fu’s Fs) were 
calculated in order to detect any deviations from the neutral model of evolution (table 
9). Both the Maléku (-1.93) and the Ijka (-1.58) exhibit statistically significant 
Tajima’s D values at the p< 0.05 level. However, these significant values are the 
product of low haplotypes diversity values, which may be inflating the overall 
Tajima’s D value to make it appear as a population expansion. The only population to 
possess a significant Fu’s Fs value is the K’iche Maya (-4.90). A large negative Fs 
value is indicative of population expansion, whereas positive Fs values suggest 
population differentiation. All Chibchan populations have positive Fs values; the 
Rama exhibit the lowest (0.06) and the Arsario the highest, (5.74). The Chorotega 
were the only non-Chibchan population to exhibit a positive Fs value (1.42). 
MEDIAN JOINING NETWORKS 
 Two different median joining networks were constructed from mtDNA HVS-I 
data. The first median network (figure 14) combines four Chibchan (Rama, Zapáton 
Huetar, Guaymi, Maléku) study populations with an additional six Chibchan (Arsario, 
Kogi, Ijka, Ngöbé, Quitirrisi Huetar, Kuna) groups from Central and South America 
into a single network of all four major mtDNA haplogroups (A2, B2, C1, D1). This 
network was rooted on the African L3 haplogroup and connected through RFLP 
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Figure 14: Median Joining phylogenetic network (Bandelt et al. 1999) of mtDNA HVS-I sequence 
date (16050-16383) for 10 Chibchan populations (Arsario, Ngöbé, Ijka, Kuna, Kogi, Huetar (Zapáton 
and Quitirrisi), Guaymi, Maléku, and Rama). Rooted on African L3 haplogroup. 
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Figure 14: Median Joining phylogenetic network (Bandelt et al. 1999) of mtDNA HVS-I sequence 
date (16050-16383) for mtDNA haplogroup A. reticulations are highlighted in red. Centered on A2
node (includes diagnostic nucleotide sites 16111, 16223, 16290, 16319, 16362). 
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defining DNA sequence variants. The second network consists of the ten Chibchan 
populations and 12 comparative Central and South American populations (Emberá, 
K’iche Maya, Wounan, Chorotega, Wayuú, Aché, Xavante, Cayapa, Gavaio, Zoro, 
Mapuche, Yanamamo) for haplogroup A2. This network is rooted on the Native 
American A2 haplogroup that is defined by the mtDNA HVS-I sequence variants 
(16111, 16223, 16290, 16319, 16362). 
The median joining network pictured in figure 14 provides a graphical 
representation of the 30 mtDNA haplotypes found in 13 Chibchan populations. The 
majority of Chibchan mtDNA haplotypes (15) are found in haplogroup A2, followed 
by haplogroups B2 (11), C1 (3), and D1 (1). Only the two Huetar populations exhibit 
haplogroup D1 and only the South American Chibchan groups (Kogi, Arsario, Ijka) 
contain haplogroup C1. Haplogroup A2 exhibits four satellite clusters (16189, 16129, 
16360, and 16187). The satellite node, 16360, is shared among six of the seven 
Central American Chibchan speaking populations. Two of these nodes (16189, 
16129) are located only in South American Chibchan speakers and are not shared 
with Central American Chibchan speaking populations. These results suggest long-
term separation of Chibchan-speaking population inhabiting lower Central and 
northern South America. 
The results for the haplogroup A2 median joining network are shown in figure 
15. This network contains six satellite clusters (16189, 16129, 16360, 16187, -16223, 
and -16111) and was coalescent dated to 23,582 ± 7,769 ya, using the ρ-statistic (ρ= 
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1.16 ± 0.38) (Forster et al., 1996; Saillard et al., 2000). This date is consistent with 
other estimates for the origins of haplogroup A2 in the Americas (Schurr and Sherry 
2004; Tamm et al. 2007; Achilli et al. 2008). Four of the six satellite nodes are 
composed of Chibchan speaking groups but are regionally differentiated between 
South and Central American Chibchan speaking groups. The Chorotega are shown in 
both the major South (16189C) and Central American Chibchan (16360C) clades as 
are the K’iche Maya, that are present in the 16189C and the 16187 Chibchan mtDNA 
lineages. These shared haplotypes indicate a shared maternal genetic history in these 
groups. This shared maternal genetic history suggests that at some point in the past, 
these populations shared a common female ancestor(s). This is because mtDNA is 
passed from the mother to all of her offspring but only daughters pass that on to their 
offspring, making mtDNA a useful tool for investigating the maternal genetic history 
of a population. 
The satellite node 16189 demonstrates that genetic variation coalesced at 
6,985 ± 3,055 ya (ρ = 0.34 ± 0.15) in these populations. The other three satellite 
nodes containing Chibchan populations coalesce at dates ranging from 10,967 ± 
8,657 ya (16360; ρ = 0.54 ± 0.42), 8,221 ± 6,829 ya (16187; ρ = 0.40 ± 0.33), and 
2,346 ±1,692 ya (16129, ρ = 0.11 ± 0.08). All these coalescent dates are consistent 
with previous estimates regarding the origins of Chibchan maternal genetic history 
(Kolman et al. 1995; Batista et al. 1995; Kolman and Bermingham 1997; Melton et 
al. 2007).  
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MULTIDIMENSIONAL SCALING PLOT (MDS) 
 In order to ascertain the relationship of the five study populations to 25 other 
groups inhabiting Central and South America a multidimensional scaling plot (MDS) 
was designed with mtDNA HVS-I sequence data. The results of this analysis are 
shown in figure 16. The stress value for the plot is moderate (0.16) and the goodness 
of fit (0.97) is high. The upper bound for a stress level for 30 data points displayed in 
two dimensions is 0.38 indicating that this represents a non-random visualization of 
these data (Sturrock and Roche 2000). There are three distinct clusters of populations 
that can be determined from the plot. The first cluster contains the majority of 
Chibchan populations that are grouped together in the lower right quadrant of the plot 
area. This cluster also demonstrates a genetic relationship among two Central 
American populations (K’iche Maya and Chorotega) and the Cayapa, an indigenous 
population from Ecuador. This cluster is composed of populations characterized by 
high frequencies of haplogroup A2 (data not shown). The second cluster contains the 
only Chibchan group, Rama, not found in the first group that exhibits a relationship 
with the Xavante and Aché, from Brazil and Paraguay. This second grouping is 
characterized by populations that demonstrate high frequencies of mtDNA 
haplogroup B2. A final group is found in the lower left quadrant of the graph and 
contains the Tainos and Ciboney, two skeletal populations from Cuba. This group is 
exhibits the absence of mtDNA haplogroups A2 and B2 and high frequencies of C1 
and D1. The center of the graph consists of a mixture of populations from throughout 
South American and also includes two Central American populations, the Emberá and 
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Wounan. These populations are known to have migrated to Panama from Colombia 
after European contact. 
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Figure 16: MDS plot of mtDNA HVS-I sequence data (bp 16050-16383) for 28 Native Central and 
South American populations (Figure 13). Plot was created using DA genetic distances (Nei, 1987) 
using the assumption of Tamura and Nei (1993) model of substitution and a γ level of 0.26 (Meyer et 
al. 1999). 
 
GENE DIVERSITY Versus. rii 
The plot for gene diversity versus rii using mtDNA HVS-I sequence data is 
shown in figure 17. There are seven populations (Ngöbé, Quitirrisi Huetar, 
Chorotega, Rama, Kuna, Arsario, and Kogi) below the theoretical regression 
indicating greater genetic differentiation in these populations. Three of these 
populations (Rama, Kuna, and Kogi) are also distant along the rii axis indicating 
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maternal genetic isolation than the other four groups who are close to the centroid 
(gene diversity/rii axis). A total of five (Guaymi, Zapáton Huetar, K’iche Maya, 
Wounan, and Emberá) groups are found above the axis. The two Chocoan 
populations (Wounan and Emberá) cluster with the K’iche Maya. All three of these 
groups demonstrate higher haplotype (gene) diversity values (average = 0.87) than 
Chibchan populations (average = 0.59).   
 
Figure 17: Regression plot of gene diversity values as a proxy for heterozygosity and distances from 
the centroid (rii) for 12 Native Central American populations using mtDNA HVS-I sequence data 
(16050-16383). Outliers Maléku and Ijka are not shown.  
PHYLOGEORAPHIC ANALYSIS  
 Phylogeographic analysis with three different methods were conducted using 
mtDNA HVS-I sequence data in order to investigate the presence or absence of 
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genetic discontinuities among Central American populations. These analyses included 
spatial analysis of molecular variance (SAMOVA), interpolated genetic landscape 
analysis, and Monmonier’s maximum likelihood difference algorithm. Five study 
populations were included these analyses along with three Central American 
Chibchan (Ngöbé, Kuna, and Quitirrisi Huetar), three South American Chibchan 
(Kogi, Ijka, and Arsario), two Chocoan (Emberá, Wounan), one Arawak (Wayuú), 
and one Mayan (K’iche) group. The geographic locations of these populations are 
shown in figure 13  
SAMOVA 
SAMOVA analysis was run for k (number of groups) from 2 to 13 to establish 
if populations in the region could be grouped based on their geographic location. The 
most parsimonious SAMOVA was found for k = 4 (FCT = 0.148, p-value < 0.00001), 
which demonstrates the highest percentage of variation explained among groups 
(21.76%) and remained statistically significant. The results for this analysis are 
shown in a MDS plot (figure 18). This plot has a high stress value 0.21 (upper bound 
.228) and a moderate goodness of fit (0.92). This analysis separates Native Central 
Americans from non-Chibchan South American populations and splits two Votic 
Chibchan-speakers (Rama and Maléku) from other Central American groups. The 
Ijka appear closest to non-Chibchan South American groups but are grouped 
consistently with Central American populations until k = 5, where they are included 
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in their own group. These results confirm a strong maternal genetic relationship 
among Mesoamerican and Chibchan groups based on mtDNA HVS-I sequence data.   
 
Figure 18: Combined MDS and SAMOVA Plot of genetic discontinuity for Central and northern 
South American populations. Chibchan population = blue square; Central American = red square; 
Chocoan = green squares; Wayuú = dark red square.   
Monmonier’s Algorithm 
The results of the Monmonier’s Algorithm are presented in figure 19. This 
analysis demonstrates a single genetic discontinuity that separates the K’iche Maya, 
and three Votic-speaking (Zapáton Huetar, Rama, and Maléku) Chibchan populations 
from the other groups investigated. In addition, the Chorotega and Quitirrisi Huetar 
are border the genetic discontinuity. Based on geography, the most likely candidate 
for a discontinuity in the region is Lake Nicaragua and this discontinuity may be 
attributed to rising sea occurred in the region approximately 8,000 YBP (Urquhart 
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1997). This date also overlaps with previously discussed coalescent genetic dates for 
Chibchan populations in the region.    
 
Figure 19: Delaunay triangulation using Monmonier’s Algorithm for 15 Central and South American 
populations. Genetic barrier is shown as a bold line  
Interpolated Genetic Landscape 
 The interpolated genetic landscape among 14 Central and South American 
populations is presented in figure 20. The XY axis represents geographic coordinates 
and the Z-axis represent pairwise genetic distances between populations. Peaks and 
depressions below the XY plane signify more genetic similarities. Greater genetic 
differentiation are seen among populations inhabiting the northern regions of lower 
Central America. The highest peaks are between the Rama and the Maléku 
populations. Based on this figure, more genetic similarities are observed among 
indigenous populations inhabiting Colombia and Panamá. This landscape confirms 
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the presence of a significant genetic discontinuity in northern Costa Rica or southern 
Nicaragua that may correspond to Lake Nicaragua. 
 
Figure 20: Interpolated genetic landscape for 14 indigenous Central and South American populations. 
The XY axis represents geographic coordinates and the Z-axis represents pairwise genetic distances 
among populations. Peaks above the XY plane represent greater genetic differentiation among 
populations and peaks below the XY plane represent more genetic similarities.  
CHIBCHAN DIVERGENCE TIMES 
 Divergence times in ten Chibchan populations based on mtDNA HVS-I 
sequence variation are shown in table 10. The divergence estimate between the 
Guaymi and the Ngöbé can be used as a control. The Guaymi are a recent splinter 
group of the Ngöbé that migrated to Costa Rica in the 1940s (Barrantes et al. 1990; 
Herlihy 1997). The divergence estimate of approximately 30 years would suggest that 
this is an accurate measure of divergence time among populations. The average 
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divergence time between the Rama and all other Chibchan populations is 7,178 ya, 
which places them at the earlier boundary of when Chibchan populations are 
estimated to have diverged. If the three Colombian Chibchan populations and the 
Maléku are removed, the average divergence time of the Rama with other Chibchan 
populations is 5,422 ya, which is approximately the time frame that linguists believe 
that Chibchan languages differentiated into distinct sublanguage families (Constenla, 
1991). The divergence time between the Maléku and the Rama is estimated at 10,531 
ya, suggesting that they did not originate from the same source population as 
indicated by historians and linguists. 
Table 10: mtDNA divergence times for 10 Chibchan populations using Reynolds et al. (1983) method.  
 NG KU GY HQ HZ ML RA AR IJ KG 
NG 0 1582 30 883 395 2964 4310 1286 3110 1110 
KU 0.174 0 1331 1266 589 5135 5326 2799 4904 2920 
GY 0.003 0.1467 0 492 200. 3029 5690 1251 2809 1003 
HQ 0.0974 0.1396 0.0542 0 410. 4931 7553 1510. 3751 1347 
HZ 0.0435 0.0649 0.0220 0.0452 0 3102 4249 1453 3292 1366 
ML 0.3267 0.5660 0.3339 0.5435 0.3419 0 10,531. 4544 7994 5226 
RA 0.4751 0.5871 0.6272 0.8325 0.4684 1.16075 0 7240 11,927 7795 
AR 0.1417 0.3085 0.1379 0.1664 0.1602 0.50087 0.79808 0 2011 101 
IJ 0.3428 0.5406 0.3096 0.4134 0.3629 0.8812 1.31462 0.22168 0 3096 
KG 0.1223 0.3218 0.1105 0.1484 0.1506 0.57606 0.8592 0.01121 0.3412 0 
Divergence estimates are shown in the lower matrix. Time estimates are shown in the upper half of the 
matrix. Abbreviations are: NG= Ngöbé; KU=Kuna; GY=Guaymi; HQ= Quitirrisi Huetar; HZ= 
Zapáton Huetar; ML=Maléku; RA=Rama; AR=Arsario; IJ= Ijka; KG=Kogi. 
Y-CHROMOSOME 
 Y-chromosome SNP and STR data were analyzed for the five study 
populations and comparative data from an additional 18 South and Central American 
groups compiled from the literature. These comparative data included: five Pipil 
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Nahua communities from El Salvador (Conchagua, San Alejo, Panchimalco, Izalco, 
and Nueva Concepción) (Lovo-Gomez et al. 2006), five Chibchan (Bribri, Huetar, 
Cabecar, Osa-Guaymi, and Teribe) (Ruiz-Navarez et al. 2005), and eight South 
American (Xavante, WaiWai, Ticuna, Gavaio, Karitiana, Cayapa, Tayacaja, and 
Arequipa) populations (Tarazona-Santos et al. 2001) (figure 21).  
SINGLE NUCLEOTIDE POLYMORPHISMS (SNPs) 
 The results of the Y-chromosome SNP analysis for the five study populations 
and ten other Central American groups are presented in table 11. The five study 
populations are characterized by Native American haplogroups Q and Q3, Eurasian 
haplogroups R1b, G2a, and I1b, Euro-Afro Asian haplogroup E1b, and “other” 
undetermined haplogroups. Among the study populations, the Native American 
haplogroup Q3 occurs in all five groups with the highest frequency in the Zapáton 
Huetar (84.6%) and the lowest in the Chorotega (34.7%). In addition, the major 
western European haplogroup, R1b, is found in four (Rama, Abrojo Guaymi, Zapáton 
Huetar, and Chorotega) of the five study populations. The Rama are characterized by 
three Y-chromosome haplogroups Q3 (50%), R1b (40%) and G2a (10%). The 
Zapáton Huetar are characterized by two haplogroups Q3 (84.5%) and R1b (15.5%). 
The Abrojo Guaymi are characterized by haplogroups Q3 (68.4%), R1b (10.5), as 
well as unknown haplogroups (21%). The Maléku are characterized by haplogroups 
Q3 (46.1%), E3 (46.1%), and I1b (7.7%). The Chorotega demonstrate  
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Figure 21: Comparative Populations used for Y-chromosome analysis. Five Mesoamerican 
populations from El Salvador: Conchagua; San Alejo; Panchimalco; Izalco; and Nueva Concepción 
shown in figure 12. 
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the most Y-chromosome SNP diversity and are characterized by haplogroups Q 
(15%), Q3 (34.7%), R1b (43.4%), E3 (4%) and “other” (13%). Among comparative 
populations, the Bribri display the highest frequency of Native American haplogroup 
Q3 (92.5%) and the Mesoamerican Izalco of El Salvador have the lowest (27.2%). 
The Izalco also contain the highest frequency of European haplogroup R1b (45.4%).   
Table 11: Y-Chromosome SNPs in study and comparative populations 
1=This study; 2=Ruiz-Navarez et al. 2005 (these populations were only characterized for the Q-M3 Y-
chromosome haplogroup); 3= Lovo-Gomez et al. 2006; 
SHORT TANDEM REPEATS (STRs) 
 The results of the Y-STR analysis for the five study populations are presented 
in Table 12. These groups were analyzed for eight Y-chromosome STR loci: DYS19; 
DYS389I; DYS389II; DYS390; DYS391; DYS392; DYS393; and DYS439. The 
Rama (n = 20) are characterized by 15 haplotypes that are not shared with other study 
Population N Q Q3 R1b E3 G2a I1b other 
CHIBCHAN 
Rama1 20 0.000 0.500 0.400 0.000 0.100 0.000 0.000 
Huetar - Zapáton1 13 0.000 0.845 0.155 0.000 0.000 0.000 0.000 
Huetar  - Comb.2 28 0.000 0.642 0.000 0.000 0.000 0.000 0.358 
Guaymi - Abrojo1 19 0.000 0.684 0.105 0.000 0.000 0.000 0.210 
Guaymi – Oso2 8 0.000 0.625 0.000 0.000 0.000 0.000 0.375 
Maléku1 13 0.000 0.461 0.000 0.461 0.000 0.078 0.000 
Bribri2 14 0.000 0.928 0.000 0.000 0.000 0.000 0.072 
Cabecar2 28 0.000 0.821 0.000 0.000 0.000 0.000 0.179 
Teribe2 15 0.000 0.800 0.000 0.000 0.000 0.000 0.200 
MESOAMERICAN 
Chorotega1 23 0.150 0.347 0.434 0.04 0.000 0.000 0.130 
Conchagua3 23 0.000 0.600 0.170 0.000 0.000 0.000 0.210 
San Alejo3 9 0.000 0.444 0.222 0.000 0.000 0.000 0.333 
Panchimalco3 11 0.000 0.545 0.090 0.000 0.000 0.000 0.363 
Izalco3 11 0.000 0.272 0.454 0.000 0.000 0.000 0.272 
Nueva Con.3 9 0.000 0.333 0.362 0.000 0.000 0.111 0.222 
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populations. The Zapáton Huetar (n = 13) have 12 haplotypes and share a single 
haplotype with the Abrojo Guaymi (n = 19) and have 15 haplotypes. This was the 
only Y-chromosome haplotype shared among study populations. The Chorotega 
contain the highest number of Y-chromosome STR haplotypes (21) and the Maléku 
have the lowest (8). The Rama contain 15 Y-STR haplotypes, the Abrojo Guaymi 
have 14, and the Zapáton Huetar have 12 Y-chromosome haplotypes. 
Table 12: Y-chromosome STR variation in five study populations 
   DYS STRs 
HtA HgB N 19 389I 389II 390 391 392 393 439 
RAMA (N=20) 
R1 R1b 2 13 13 29 24 9 13 13 13 
R2 Q3 2 13 13 29 24 12 16 13 11 
R3 Q3 1 13 13 30 24 10 12 13 12 
R4 Q3 1 13 13 30 24 10 14 13 11 
R5 Q3 1 13 13 30 24 10 13 13 12 
R6 Q3 2 13 13 30 24 10 14 14 13 
R7 Q3 1 13 13 30 24 12 14 14 12 
R8 Q3 2 13 13 30 24 12 16 13 11 
R9 R1b 1 14 13 30 23 10 14 13 12 
R10 R1b 1 14 13 30 24 10 14 13 12 
R11 R1b 1 14 13 30 24 10 16 13 12 
R12 R1b 1 14 15 32 24 10 13 13 11 
R13 G2a 2 15 12 29 23 11 11 13 11 
R14 R1b 1 15 13 29 23 10 13 13 11 
R15 R1b 1 16 13 30 24 10 12 13 12 
HUETAR ZAPÁTON (N=13) 
Z1 Q3 1 12 14 32 24 10 13 13 13 
Z2 Q3 1 13 13 29 24 10 13 13 12 
Z3 R1b 1 13 13 29 24 10 14 14 13 
Z4 Q3 1 13 13 30 24 10 15 13 12 
Z5 Q3 1 13 13 30 25 10 15 13 12 
Z6 R1b 1 13 14 29 24 10 14 13 12 
Z7 Q3 1 13 14 30 24 11 12 13 12 
Z8 Q3 1 13 14 30 25 10 14 13 12 
Z9 Q3 1 13 14 30 25 10 16 14 12 
Z10 Q3 1 13 15 31 25 12 13 13 12 
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Z11 Q3 2 13 15 32 25 10 16 13 12 
Z12 Q3 1 14 14 30 24 12 13 13 11 
ABROJO GUAYMI (N=19) 
G1 Q3 1 9 13 32 24 10 15 13 12 
G2 ? 1 12 15 33 24 9 15 12 11 
G3 Q3 1 13 10 27 24 10 15 13 12 
G4 Q3 3 13 10 27 25 10 16 13 12 
G5 ? 1 13 10 28 24 10 16 13 12 
G6 ? 1 13 10 30 24 10 13 14 11 
G7 Q3 1 13 12 29 24 10 14 12 11 
G8 Q3 1 13 12 30 25 11 15 12 12 
G9 R1b 1 13 13 28 24 10 14 12 11 
G10 Q3 1 13 13 30 24 9 15 13 12 
G11 Q3 3 13 13 30 24 10 15 13 12 
G12 R1b 1 13 14 30 24 10 13 13 11 
G13 Q3 2 13 14 30 24 10 15 14 12 
G14 ? 1 18 11 26 24 10 16 12 10 
MALÉKU (N=13) 
M1 E3 1 12 12 28 24 9 11 13 12 
M2 Q3 1 12 13 29 24 10 15 12 13 
M3 Q3 2 13 12 29 24 10 14 13 11 
M4 E3 4 13 12 30 24 9 11 12 10 
M5 Q3 1 13 12 30 24 10 15 12 12 
M6 Q3 2 13 12 31 24 10 15 12 12 
M7 E3 1 13 14 30 24 9 11 12 10 
M8 I2b 1 16 12 30 24 10 12 15 11 
CHOROTEGA (N=23) 
C1 R1b 1 11 14 27 24 11 14 13 12 
C2 ? 1 13 11 25 21 10 14 13 14 
C3 Q3 2 13 12 25 21 10 14 13 12 
C4 Q 1 13 12 27 22 11 15 13 12 
C5 Q3 1 13 12 29 21 10 14 13 13 
C6 Q 1 13 12 30 21 10 14 13 12 
C7 Q3 1 13 12 30 21 10 14 13 13 
C8 ? 1 13 13 26 19 10 14 14 12 
C9 R1b 1 13 13 26 24 10 13 13 11 
C10 R1b 1 13 13 26 24 10 14 14 14 
C11 Q3 2 13 14 27 23 10 14 13 11 
C12 Q 1 13 14 30 23 10 13 13 12 
C13 R1b 1 14 13 26 24 10 13 13 11 
C14 R1b 1 14 13 26 24 10 13 14 13 
C15 R1b 1 14 13 26 24 10 14 13 12 
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C16 Q3 1 14 14 31 23 10 11 13 14 
C17 R1b 1 14 15 28 24 10 14 13 11 
C18 R1b 1 15 13 25 24 9 14 13 12 
C19 E1b 1 15 13 30 19 10 11 14 13 
C20 R1b 1 16 12 29 24 10 14 14 13 
C21 R1b 1 16 13 26 24 10 13 14 13 
 
DIVERSITY MEASURES 
 Gene diversity measures, by population for each Y-STR locus and entire 
haplotypes are presented in table 13 in both study and comparative populations. The 
highest gene diversity value (0.599) is found in the 389II locus, while the lowest 
(0.337) is found in the DYS19 locus. The highest amount of average gene diversity 
(0.974) is found among Mesoamerican populations with two populations having a 
value of 1.00, meaning that each individual belongs to a different haplotype. The 
lowest amount (0.777) is detected in South American populations. However, both of 
these values are likely skewed due to the small sample size of some of the 
populations in each group. Among the study populations the highest gene diversity 
value was found among the Zapáton Huetar (0.987)  and the lowest value was among 
the Maléku (0.897). All five study populations demonstrate higher Y-chromosome 
gene diversity values than mtDNA gene diversity values. 
Y-Chromosome STR Median Joining Networks 
 Two median-joining networks based on Y-STR variation present in the five 
study populations are presented in this section in order to provide a visual 
representation of this diversity. These networks are each comprised of a single 
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haplogroup and represent the two most common haplogroups (Q3 and R1b) present in 
the sample groups. Native American haplogroup Q3 (figure 22) is found in all five of 
the study populations. These populations are characterized by a number of nodes 
Table 13: Y-Chromosome STR Diversity values in five study and 19 comparative populations 
A= Gene Diversity values; 1=This study; 2=Ruiz-Navarez et al. 2005; 3= Lovo-Gomez et al. 2006; 
4=Tarazona-Santos et al. 2001. Geographic location of population shown in figure 21. 
Population N DYS19 389I 389II 390 391 393 GDA 
CHIBCHAN 
Rama1 20 0.605 
 
0.278 
 
0.542 
 
0.336 
 
0.647 
 
0.268 
 
0.952 
 Huetar - Zapáton1 13 0.294 
 
0.692 
 
0.730 
 
0.538 
 
0.410 
 
0.282 
 
0.987 
 Huetar  - Comb.2 28 0.507 
 
0.611 
 
0.769 
 
0.568 
 
0.455 
 
0.473 
 
0.928 
 Guaymi - Abrojo1 19 0.298 
 
0.801 
 
0.608 
 
0.350 0.292 
 
0.409 
 
0.953 
 Guaymi – Oso2 8 0.000 
 
0.571 
 
0.535 
 
0.571 
 
0.678 
 
0.571 
 
0.678 
 Maléku1 13 0.410 
 
0.294 
 
0.679 
 
0.000 
 
0.538 
 
0.564 
 
0.897 
 Bribri2 14 0.00 
 
0.439 
 
0.692 
 
0.626 
 
0.142 
 
0.142 
 
0.758 
 Cabecar2 28 0.428 
 
0.560 
 
0.563 
 
0.584 
 
0.203 
 
0.267 
 
0.716 
 Teribe2 15 0.133 
 
0.000 
 
0.619 
 
0.247 
 
0.457 
 
0.133 
 
0.723 
 Subtotal 158 0.297 0.471 0.637 0.424 0.425 0.354 0.834 
MESOAMERICAN 
Chorotega1 23 0.644 
 
0.735 
 
0.822 
 
0.735 
 
0.245 
 
0.403 
 
0.976 
 Conchagua3 23 0.644 
 
0.608 
 
0.818 
 
0.498 
 
0.446 
 
0.486 
 
0.956 
 San Alejo3 9 0.750 
 
0.388 
 
0.833 
 
0.416 
 
0.555 
 
0.666 
 
1.000 
 Panchimalco3 11 0.618 
 
0.345 
 
0.745 
 
0.618 
 
0.654 
 
0.472 
 
0.945 
 Izalco3 11 0.690 
 
0.727 
 
0.890 
 
0.781 
 
0.600 
 
0.490 
 
1.000 
Nueva Con.3 9 0.694 
 
0.388 
 
0.750 
 
0.805 
 
0.555 
 
0.416 
 
0.972 
 Subtotal 86 0.673 0.531 0.809 0.642 0.509 0.488 0.974 
SOUTH AMERICAN 
Xavante4 5 0.000 
 
0.600 
 
0.000 
 
0.000 
 
0.600 0.000 
 
0.800 
 Ticuna4 32 0.000 
 
0.364 
 
0.467 
 
0.526 
 
0.000 
 
0.578 
 
0.697 
 WaiWai4 5 0.000 
 
0.700 
 
0.000 
 
0.400 
 
0.000 
 
0.400 
 
0.700 
Gavaio4 34 0.000 0.370 0.661 0.470 0.443 0.000 0.882 
Karitiana4 8 0.000 0.000 0.000 0.000 0.250 0.000 0.250 
Cayapa4 26 0.212 0.680 0.621 0.643 0.516 0.396 0.963 
Tayacaja4 44 0.368 0.582 0.731 0.645 0.311 0.459 0.979 
Arequipa4 15 0.466 0.590 0.704 0.780 0.133 0.647 0.952 
Subtotal 169 0.130 0.485 0.398 0.433 0.281 0.310 0.777 
Total 413 0.337 0.492 0.599 0.484 0.396 0.370 0.854 
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representing 1-2 individuals and are not shared between populations. There are also a 
large number of reticulations in this graph, indicative of high male genetic diversity 
found in these populations. There is one star like structure located in the lower right 
quadrant of the graph that is based on a Zapáton Huetar haplotype. This node contains 
branches that connect to all four of the other studied Chibchan populations and may 
indicate a paternal Chibchan haplotype. The Zapáton Huetar also demonstrate the 
highest amount of haplotype diversity and characterized by 10 nodes, followed by the 
Rama (7), Guaymi (6), Chorotega (6), and Maléku (4).  
The median joining network for haplogroup for R1b STR variation is shown 
in figure 23 for the five study populations. As with the Q3 network (figure 22) these 
populations do not share haplotypes. However, this network does show better 
segregation among male lineages, with the Rama and Chorotega being characterized 
by separate pathways. The majority of haplotypes (10) present in this network are 
found among the Chorotega. The second highest number of haplotypes (8) is found 
among the Rama. Both these population inhabit coastal regions, with the Rama living 
along the Caribbean coast and the Chorotega residing along the Pacific on the Nicoya 
peninsula of Costa Rica. Therefore, given over 500 years of European contact in the 
region this is indicative of high amounts of European male admixture into these 
communities. The other two represented populations, Abrojo Guaymi and Zapáton 
Huetar, are each characterized by two haplotypes. The only study population that did 
not contain haplogroup R1b was the Maléku. 
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Figure 22: Median Joining Network for Y-Chromosome haplogroup Q3 haplotypes in the five studied 
populations. Based on eight Y-chromosome STRs. 
 
 
Figure 23: Median Joining Network for Y-Chromosome haplogroup R1b STR haplotypes  in four of 
the five studied populations: 
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MULTIDIMENSIONAL SCALING PLOT (MDS) 
 A MDS plot for Y-chromosome STR data in 23 Native Central and South 
American populations is presented in figure 24. The stress value (0.174, upper bound 
0.301) and goodness of fit (0.92) of these data are moderate indicating that the 
resulting distribution of these populations in two dimensional space is non-random. 
The Mesoamerican (Conchagua, San Alejo, Panchimalco, Izalco, and Nueva 
Concepción) Pipil communities from El Salvador form a major cluster that includes 
the Rama, Zapáton Huetar, and Chorotega. Five Chibchan (Combined Huetar, Bribri, 
Abrojo Guaymi, Cabecar, and Teribe) populations are interspersed with other South 
American indigenous populations. A total of five populations are located on the upper 
and far right periphery of the graph and include the Maléku, Osa Guaymi, Xavante, 
Ticuna, and Karitiana showing little biological relationships with other study or 
comparative populations.  
Gene Diversity Versus rii 
The results for gene diversity versus rii using Y-chromosome STR data for 22 
Central and South Native American populations are presented in figure 25. A mixture 
of South American (Tayacaja, Cayapa, Arequipa, and Gavaio) Chibchan (Huetar, 
Zapáton, Abrojo-Guaymi, and Rama) and Mesoamerican (Chorotega, Izalco, Nuevo 
Concepcion, San Alejo, and Panchimalco) groups are above the theoretical regression 
line in the upper left corner of the plot, indicating a high magnitude of male gene flow 
in these groups. Three of the four Chibchan populations belong to the  
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Figure 24: MDS plot of Y-chromosome STR data with 23 populations. Chibchan populations are 
green triangles; Mesoamerican populations are blue squares; South American populations are red 
triangles. Geographic locations of these populations are shown in figure 21. Black 
squares=Mesoamerican, light gray triangles=Chibchan, dark gray triangles=South American. 
Votic-speaking linguistic Chibchan sub-family and are geographically located along 
the northern border of the Chibchan linguistic range indicating the potential 
admixture with other Mesoamerican populations as well as with European or African 
populations. All of the Mesoamerican populations are found above the regression line 
and are geographically located along the Pacific coast of Central America. In 
addition, four populations (Huetar-Combined, Zapáton Huetar, Abrojo Guaymi, and 
Gavaio) are not located near either the Pacific of Caribbean coast. Both Huetar 
populations are located in the Central Valley of Costa Rica, a region with a long term 
European presence and the town of Abrojo is located along a major road near the 
towns of Neilly, Villa Neilly, and Carmen. Therefore, this high amount of gene flow 
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in these groups may be indicative of more than 500 years of contact with European, 
Asian, and African populations.  
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Figure 25: Regression plot of gene diversity values as a proxy for heterozygosity and distances from 
the centroid (rii) for 22 Native Central and South American populations using six Y-chromosome STR 
data.  
Eight of the populations in the Y-chromosome gene diversity versus rii plot 
are below the theoretical regression line and five (Maléku, Bribri, Teribe, Cabecar, 
and Guaymi Osa) of these belong to the Chibchan linguistic family, indicating the 
presence of paternal genetic drift. This paternal genetic drift indicates that males are 
not moving between populations in these groups. This differs from the mtDNA gene 
diversity versus rii plot where all Chibchan populations are characterized by maternal 
genetic drift. The Maléku are found closest to the centroid and are found just below 
the regression line indicating a slightly higher amount of gene flow in this population 
than the other groups below the regression line. The Guaymi-Osa is furthest from the 
centroid and has the highest rii values. However, this may be due to the small sample 
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(n = 8) size of this group, which may underestimate Y-chromosome genetic diversity 
in this population. 
CLASSICAL GENETIC POLYMORPHISMS 
Classic genetic polymorphisms for Chibchan and other Central American 
indigenous populations were obtained from the literature (Matson and Swanson 
1963a; 1963b; 1963c; 1965a; 1965b). Comparative populations used in these analyses 
included: Mayan populations (Mam, Cakchi, Kekchi); Oto-Manguan (Chorotega, 
Subtiva); Misumplan (Sumo, Miskito); Chibchan (Pech, Rama, Boruca, Bribri, 
Cabecar, Teribe, Guaymi, Kuna) and Chocoan (figure 26). 
 
Figure 26: Comparative populations used for 18 Native American populations used in analysis of 
classical genetic polymorphims.  
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DIVERSITY MEASURES 
In order to determine diversity in classical genetic polymorphisms GST  was 
calculated by means of the computer program, DISPAN (Ota 1993). These analyses 
included 18 Central American populations and eight blood groups (ABO, MN/S, P, 
Rh, Duffy, Kidd, and Diego) loci (23 alleles), with the result shown in table 14. All 
loci analyzed demonstrate high gene diversity (GST) values above 0.05. The overall 
GST was 0.07, and values were above 0.05 for all other loci except the Kidd blood 
group (GST = 0.03). These estimates indicate population subdivision in these groups 
based on classical polymorphisms. The highest value GST was found in the Diego 
blood group (Gst = 0.23). The highest gene diversity among populations (HT) and 
within subpopulations (HS) values (0.686 and 0.648 respectively) are found in the 
MN/S loci. Two blood group loci (ABO and Diego) demonstrated fixed alleles in 
some populations. The ABO locus was fixed (100%) for the O allele in seven (Rama, 
Bribri, Cabecar, Teribe, Guaymi, Kuna, and Chocoan) populations. The Dia allele 
(100%) was found to be fixed in four (Bribri, Cabecar, Teribe, and Sumo) 
populations. The highest diversity value (0.501) for all alleles was found in the 
Tolupan from Honduras and the lowest (0.283) was found in the Sumo from 
Nicaragua. 
MULTIDIMENSIONAL SCALING PLOT (MDS)  
A MDS plot for classical genetic polymorphims is displayed in figure 27. This 
diagram is divided by linguistic affiliation into six groups (Mayan, Chibchan, 
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Misumplan, Uto-Aztecan, Chocoan, and Unaffiliated). Stress for this plot is high 
(0.27 upper bound 0.263) and the goodness of fit value is moderate (0.92). The high 
Table 14: Gene Diversity of 8 Blood group Loci for 18 Central American indigenous populations 
Population ABO MNS P Rh Duffy Kidd Diego All Loc 
Chibchan 
Pech1 0.110 0.678 0.500 0.583 0.493 0.448 0.093 0.415 
Rama2 0.000 0.421 0.478 0.381 0.093 0.504 0.104 0.356 
Boruca3 0.104 0.658 0.423 0.544 0.506 0.502 0.139 0.411 
Bribri3 0.000 0.717 0.489 0.572 0.354 0.434 0.000 0.366 
Cabecar3 0.000 0.499 0.225 0.581 0.435 0.507 0.000 0.321 
Teribe3 0.000 0.639 0.356 0.655 0.390 0.393 0.000 0.347 
Guaymi4 0.000 0.674 0.490 0.240 0.501 0.362 0.004 0.324 
Kuna4 0.000 0.669 0.478 0.437 0.450 0.487 0.092 0.373 
Misumplan 
Sumo2 0.052 0.743 0.494 0.496 0.198 0.511 0.000 0.283 
Miskito2 0.184 0.632 0.475 0.616 0.422 0.470 0.013 0.402 
Oto-Manguean 
Chorotega2 0.148 0.681 0.506 0.577 0.075 0.505 0.013 0.358 
Subtiaba2 0.256 0.688 0.516 0.655 0.068 0.502 0.502 0.455 
Unaffiliated 
Tolupan1 0.537 0.711 0.498 0.672 0.502 0.502 0.087 0.501 
Lenca1 0.173 0.682 0.482 0.601 0.355 0.452 0.093 0.405 
Chocoan 
Chocoan4 0.000 0.706 0.503 0.516 0.451 0.493 0.493 0.451 
Mayan 
Cakchi5 0.097 0.673 0.502 0.580 0.435 0.494 0.085 0.409 
Kekchi5 0.096 0.677 0.480 0.553 0.476 0.477 0.056 0.402 
Mam5 0.083 0.676 0.503 0.529 0.354 0.386 0.101 0.376 
HSa 0.101 0.648 0.460 0.536 0.360 0.462 0.102 0.381 
HTb 0.110 0.686 0.486 0.571 0.424 0.480 0.133 0.413 
GSTc 0.086 0.056 0.052 0.061 0.149 0.037 0.230 0.076 
a=Gene diversity within subpopulations, b=Gene diversity among subpopulations 
c=Coefficient of gene differentiation: 1= Matson and Swanson (1963a); 2= Matson and 
Swanson (1963c); 3= Matson and Swanson (1965a); 4= Matson and Swanson (1965b); 
5=Matson and Swanson (1963b). Null values are show in italics: 0.000 equals fixation for O 
allele in ABO locus and Dia for Diego locus.  
 
stress value suggests that this may be a random distribution of the classical genetic 
variation displayed by these data. However, a cluster near the middle consists of 
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populations. Four populations (Lenca, Chorotega, Lenca, and Cabecar) appear as 
satellites around this cluster. Six populations (Rama, Chocoan, Teribe, Guaymi, 
Tolupan, and Subtiva) are positioned on the periphery of this plot. Three of these 
populations (Rama, Teribe, Guaymi) belong to the Chibchan linguistic family, one 
(Tolupan) is a linguistic isolate and one (Subtiva) belongs to the Oto-Manguean 
linguistic family. 
Figure 27: Multi-Dimensional Scaling (MDS) using standard genetic distances for 18 Central 
American populations using 23 alleles from 7 classical genetic polymorphisms (ABO, MNS, P, Duffy, 
Rh, Kidd, and Diego). Geographic locations of populations are shown in figure 25. 
 
 
HETEROZYGOSITY VERSUS rii 
 
Figure 28 displays the plot of heterozygosity versus rii for classical genetic 
polymorphisms. Nine populations (Kekchi, Kuna, Mam, Bribri, Sumo, Chorotega, 
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Guaymi, Cabecar, and Rama) demonstrate a lower than expected heterozygosity, 
relative to the theoretical regression line, indicating a greater degree of isolation than 
other populations investigated. The remaining nine populations (Tolupan, Choco, 
Subtiva, Pech, Boruca, Cakchi, Lenca, Miskito, and Teribe) demonstrate higher than 
expected diversity, indicating gene flow in these populations. However, six of these 
populations (Tolupan, Choco, Subtiva, Pech, Teribe, and Boruca) are to the far right 
of this plot indicating that they are farthest from the centroid (rii).  
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Figure 28: Regression plot of heterozygosity values and distances from the centroid (rii) for 18 Native 
Central American populations using 7 classical genetic markers (ABO, MNS, P, Duffy, Rh, Kidd, and 
Diego). 
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POPULATION STRUCTURE 
WRIGHT’S FST 
 
In order to determine if there are significant differences in population 
structure between Mesoamerican and lower Central American populations a series of 
Wright’s FST statistics were calculated based on geographic locality and linguistic 
affiliation for classical genetic polymorphisms, mtDNA haplotypes diversity, and Y-
chromosome STR variability. The results of these analyses are presented in table 15. 
The overall FST value for all indigenous Central American classical polymorphisms is 
0.09. After populations were divided by cultural region, lower Central American 
groups exhibit a higher FST value (0.12) than Mesoamerican populations (FST = 0.06) 
based on classical genetic data. These values indicate a moderate amount of genetic 
differentiation occurring in the region based on classical genetic polymorphisms. A 
similar pattern emerges with both the mtDNA and Y-chromosome frequency data. 
Mitochondrial DNA haplogroup frequencies present the highest FST values of the 
three genetic systems investigated (Central America = 0.184, Mesoamerica = 0.161, 
and lower Central America = 0.229). These values all indicate that the highest level of 
population subdivision in the region occur at the maternal level. The Y-chromosome 
demonstrate FST values comparable to classical polymorphisms (Central America = 
0.096, Mesoamerica = 0.069, lower Central America = 0.141) and indicate moderate 
population differentiation at the paternal level. None of these FST values differentiate 
the region based on cultural area. 
153 
 
Table 15: Wright’s FST Values for Cultural Area and Language Affiliation 
Culture Area Group Size FST 
Mesoamerica   
Classical 10 0.069 
mtDNA haplogroup 12 0.161 
Y-chromosome 9 0.069 
Lower Central America   
Classical 11 0.124 
mtDNA haplogroup 10 0.229 
Y-chromosome 9 0.141 
Language Affiliation 
Maya   
Classical 6 0.046 
mtDNA haplogroup 5 0.205 
Uto-Aztecan   
mtDNA haplogroup 7 0.053 
Misumplan   
Classical 2 0.047 
Oto-Manguean   
Classical 2 0.029 
Isolate   
Classical 2 0.056 
Chibchan   
Classical (Matson & Swanson) 8 0.092  
Classical (Barrantes et al., 1990) 8 0.080 
mtDNA haplogroup 8 0.175 
Y-chromosome 8 0.096 
Chocoan   
mtDNA haplogroup 2 0.048 
All Populations 
Classical 20 0.096 
mtDNA haplogroup 26 0.184 
Y-chromosome 18 0.096 
 
 Based on linguistic classification, mtDNA haplogroup data demonstrate the 
highest FST values. The Mayan groups contain the highest linguistic FST (0.205), 
followed by Chibchan (0.175), Uto-Aztecan (0.053), and Chocoan (0.048). These 
results indicate the highest population subdivision in Mayan and Chibchan groups 
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and borderline FST value (~0.05), indicating some population subdivision in Uto-
Aztecans. Among classical polymorphisms, the only groups with FST values above 
0.05 are the Chibchan speakers (0.092) and the Mesoamerican linguistic isolates 
(0.056), which indicates genetic differentiation in these populations. These results 
indicate that there are genetic subdivisions in indigenous Central American 
populations based on linguistic affiliations and that mtDNA exhibits the highest 
genetic differentiation.  
Both Y-chromosome and classical genetic polymorphisms indicate moderate 
genetic differences while mtDNA indicates high genetic differentiation. Based on 
these results there appears to be a slight difference between population subdivision in 
lower Central and Mesoamerican groups. On average lower Central America FST 
values are twice those in Mesoamerican groups but this may be due to small sample 
size, geographic isolation, sampling error, and lower effective population size that are 
difficult to estimate using frequency data obtained from the literature. 
ANALYSIS OF MOLECULAR VARIANCE (AMOVA) 
 Three analyses of molecular variance (AMOVAs) using mtDNA HVS-I and 
Y-chromosome STR data were conducted in order to determine if population 
substructure was observable among indigenous Central American populations. 
AMOVA results in three FST analogs that partition the observed genetic variation in 
among groups (FCT), within populations in groups (FSC), and within individual 
populations (FST). The first AMOVA separated three groups: 1) Mesoamerican 
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(Chorotega and K’iche Maya), 2) Chibchan (Rama, Maléku, Quitirrisi Huetar, 
Zapáton Huetar, Guaymi, Kuna, Ngöbé, Kogi, Ijka, and Arsario); and 3) northern 
South America (Emberá, Wounan, and Wayuú) and was based on mtDNA HVS-I 
data. The second AMOVA also used mtDNA HVS-I data and separated the ten 
Chibchan populations into three groups based on their linguistic subfamilies: 1) 
Votic (Rama, Maléku, Quitirrisi Huetar, and Zapáton Huetar); 2) Isthmic (Kuna, 
Guaymi, and Ngöbé) and 3) Magdalenic (Kogi, Ijka, and Arsario). The third 
AMOVA applied Y-STR data into three groups 1) Mesoamerican (Conchagua, San 
Alejo, Panchimalco, Izalco, Chorotega, and Nueva Concepción); 2) Chibchan 
(Bribri, Huetar-Combined, Zapáton Huetar, Abrojo-Guaymi, Rama, Maléku, 
Cabecar, Osa-Guaymi, and Teribe); and 3) South American (WaiWai, Ticuna, 
Gavaio, Karitiana, Cayapa, Tayacaja, and Arequipa). 
 The results of the AMOVA among Mesoamerican, Chibchan and northern 
South American populations are shown in table 16. The amount of variation observed 
among groups is 7.74% (FCT = 0.07, p = 0.04) and is statistically significant at the p < 
0.05 level. This FCT value indicates that there may be maternal population structure 
among these groups but this is borderline statistically significant. This maternal 
population structure indicates that there is differentiation in mtDNA genetic variation 
among the three groups. There is also statistically significant variation (FSC = 0.219 
and p-value <0.0001) among populations within these three groups and this 
accounted for 20.25% of the observed mtDNA genetic variation. This high FSC value 
indicates that there is population subdivision within these three groups. This 
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subdivision indicates that there is also differences in mtDNA among population 
within the three groups. However, this may be an artifact of the small groups size of 
two of the groups (N = 2 and N = 3). Unfortunately, there is limited mtDNA HVS-I 
sequence data available for Mesoamerican populations (Boles et al. 1995 and this 
study), which limits the ability to successfully discriminate among these populations. 
The greatest amount of variation for this AMOVA was observed within populations 
and accounted for 72.01% of all variation and was statistically significant (p  < 
0.001). The high FST is indicative of high population structure within these studied 
populations. However, this magnitude of FST value from mtDNA HVS-I sequences is 
not different from similar values provided for other South American populations 
including the Yanamamo FST = 0.25 (Hunley et al. 2008) and for South American 
mtDNA haplogroup data FST.= 0.25 (Fagundes et al. 2002).  
Table 16: AMOVA among three groups (Mesoamerican; Chibchan; and northern South 
America) using mtDNA HVS-I sequence data. 
Source of 
Variation 
D.F. Sum of 
Squares 
Variance 
Components 
Percentage 
Variation 
F Statistic 
Among 
groups 
2 94.57 0.219 7.74 FCT = 0.07* 
Within 
groups 
12 244.37 0.573 20.25 FSC = 0.219** 
Within 
populations 
472 962.96 2.040 72.01 FST = 0.279** 
Total 486 1303.04 2.83   
 
The results of the mtDNA HVS-I AMOVA among populations belonging to 
three different Chibchan linguistic stocks (Votic, Isthmic, and Magdalenic) are shown 
in table 17. The amount of variation among groups accounted for 6.17% of the 
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variation and was considered statistically significant (FCT = 0.061 and p =0.02). The 
amount of variation (FSC = 0.248 and p <0.0001) within groups described 23.35% of 
the variation and the amount within populations (FST = 0.295 and p <0.0001) 
explained 70.48% of the observed variation. These high FSC and FST values indicate 
significant mtDNA genetic differences among Chibchan populations even within 
linguistic subfamilies and may support the idea that these groups are partitioned along 
maternal lineages. These maternal genetic differences indicate that Chibchan 
population demonstrate high genetic variability among the three linguistic 
subdivisions and suggest that there are biological differences among these groups. 
This genetic differentiation is also seen in the haplogroup A2 median-joining network 
(figure 14), where Chibchan populations do not share specific mtDNA HVS-I 
polymorphisms. 
Table 17: AMOVA among three Chibchan language stocks (Isthmic; Votic; and Magdalenic) using 
mtDNA HVS-I sequence data. 
Source of 
Variation 
D.F. Sum 
Squares 
Variance 
Components 
Percentage 
Variation 
F Statistic 
Among 
groups 
2 71.199  0.147 6.17  FCT = 0.061*  
Within 
groups 
7 134.539 0.558 23.35 FSC =  0.248**  
Within 
populations 
314 529.364 1.685 70.48 FST = 0.295**  
Total 323 735.102  2.391   
* p-value <0.05 level, ** p-value < 0.0001 
 The results of the AMOVA using Y-Chromosome STR data separated into 
three groups are shown in table 18. The lowest amount of observed variation, 5.54%, 
was among groups (FCT = 0.055), while within groups (FSC = 0.158) explained 14.93%, 
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and within populations (FST = 0.204) described 79.53%. These high FSC and FST values are 
statistically significant and indicate genetic differentiation based on paternal lineages 
within these populations. In addition, these results differ significantly for those FST 
(0.09) provided by Y-chromosome frequency data for Central American populations 
(table 15). This difference may be due to greater diversity seen among paternal 
lineages based on STR data than based solely on frequency information. This high Y-
chromosome FST value is also not unseen in other Native South American 
populations. Hunley et al. (2008) reported a FST value of 0.27 for the Yanamamo and 
indicates potentially higher genetic differentiation in Native South American male 
lineages. These data also demonstrate no clear differences among groups indicating 
that there may not be significant differences among Mesoamerica, Chibchan, and 
South American groups based on Y-chromosome STR data. This suggests that higher 
gene flow among males occurs in these indigenous Central American groups than is 
observed in mtDNA data. 
Table 18: AMOVA among three groups (Mesoamerican; Chibchan; and South American) using Y-
chromosome STR data. 
Source of 
Variation 
D.F. Sum 
Squares 
Variance 
Components 
Percentage 
Variation 
F Statistic 
Among 
groups 
2 39.734 0.096 
 
5.54 
 
FCT =0.055** 
 
Within 
groups 
20 117.60 0.260 
 
14.93 
 
FSC = 0.158** 
 
Within 
populations 
390 540.26 1.385 
 
79.53 
 
FST = 0.204**  
Total 412 697.60 1.741 
 
  
*p-value <0.01, ** p-value < 0.0001 
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ADMIXTURE ESTIMATES 
 Admixture estimates based on mtDNA data are unnecessary because all 
individuals in four (Rama, Maléku, Guaymi, Chorotega) of the five study populations 
belong to Native American mtDNA haplogroups A2, B2, and D1. The only 
population to demonstrate non-Native maternal gene flow was the Zapáton Huetar, 
where 92% of the lineages belonged to A2, B2, or D1, 5% belonged to the African 
L2a haplogroup, and 2.5% were European haplogroup H1. 
Estimates for paternal gene flow are presented in table 19. The Zapáton 
Huetar demonstrated the least amount of non-Native admixture (15%), which differs 
from expectations as they are the only study population to have experienced 
detectable maternal gene flow. The Rama ware characterized by 40% European gene 
flow and 10% Asian and/or African gene flow. This non-Native, non European gene 
flow is based on the presence of Y-chromosome haplogroup G2a, which is frequent in 
southwestern Asia but also occurs at low frequencies in Europe. The Maléku are 
characterized by the lowest amount of European admixture based on the presence of 
haplogroup E3, which is common in Africa but has also been detected in southern 
European and Middle Eastern populations. The Guaymi are characterized by 11% 
European admixture, and 20% other non-Native American admixture. The Chorotega 
contain the lowest amount of Native American male genetic material and 34% was 
considered to be of European origin. 
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Table 19: Admixture Estimates based on Y-haplogroup data. 
Population N Native American European Other 
Rama 20 50 40 10 
 Maléku 13 46 8 46 
 Zapáton Huetar 13 85 15 0 
 Guaymi 19 69 11 20 
 Chorotega 23 34 34 32 
 
SUMMARY 
 This chapter presented the results for mtDNA RFLP and HVS-I sequences, Y-
chromosome SNPs and STRs as well as classical genetic polymorphisms. Based on 
maternal genetic lineages Chibchan populations are characterized by high frequencies 
of mtDNA haplogroup A2 and moderate frequencies of haplogroup B2. 
Mitochondrial DNA HVS-I variation also demonstrates that Chibchan-speakers 
cluster with other Mesoamerican populations and are separated from indigenous 
South American groups. The one exception to this pattern are the Chibchan-speaking 
Rama who are characterized by a high frequency of mtDNA haplogroup B2 (92%) 
and cluster with two eastern South American populations (Xavante and Ache). 
However, this relationship is based on a shared high frequency of haplogroup B2 
among these groups and HVS-I sequences indicate that the Rama are a Chibchan 
population that has undergone genetic drift. Gene diversity versus rii analysis 
indicates that the maternal genetic history of Chibchan populations has been affected 
by genetic drift. These results differ from Y-chromosome SNP analysis, which 
suggests that Chibchan populations contain high paternal genetic diversity, indicative 
of male gene flow. However, gene diversity versus rii plots for Y-chromosome STRs 
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indicate a differentiation among Chibchan populations in regards to genetic drift vs. 
gene flow where those groups belonging to the northern Votic-Chibchan speaking 
populations are being affected by gene flow, whereas the majority of groups 
belonging to the southern Isthmic-Chibchan linguistic family are being impacted by 
genetic drift. This is indicative of higher gene flow from European and Mesoamerican 
males into the northern and central Votic Chibchan groups than in the southern and 
eastern Isthmic Chibchan populations. Phylogeographic analysis of mtDNA HVS-I 
variation detected a genetic between Votic and other Chibchan-speaking populations 
in the region. This discontinuity corresponds to Lake Nicaragua, which may have 
provided an impediment to gene flow at the same time that mtDNA coalescent dates 
indicate the genetic divergence of Chibchan populations from earlier groups. 
Population structure analysis indicates that Mesoamerican and lower Central 
American populations are characterized by high FST  values for mtDNA, and 
moderate amounts of Y-chromosome and classical genetic FST values, which 
indicates population subdivision in the region within cultural areas and based on 
linguistic affiliation.  
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VI: DISCUSSION 
 This chapter places the results of this study (summarized with the previous 
chapter) within the broader context of previous molecular genetic, archaeological, and 
anthropological research in indigenous lower Central America populations and their 
relationship to surrounding Native American groups. The specific topics addressed in 
this chapter are: 1) Genetic diversity; 2) Maternal versus paternal genetic histories; 3) 
Biological relationships among the K’iche Maya, Chorotega, and Chibchan 
populations; 4) Selectively neutral evolutionary forces operating on Chibchan 
populations (genetic drift versus gene flow); and 5) Phylogeographic analysis, 
paleoecology and the origin of Chibchan populations;  
GENETIC DIVERSITY  
 Mitochondrial DNA markers examined in five indigenous Central American 
populations belong to Native American haplogroups A2, B2, and D2 (Schurr et al. 
1990; Torroni et al. 1993). The Chibchan speaking Rama, Maléku, and Guaymi are 
characterized by only by two (A2 and B2) of these haplogroups. These results are 
consistent with other previously reported data for the Maléku and the Guaymi 
(Torroni et al. 1994b, Kolman and Bermingham 1997). The previously uninvestigated 
Rama differed by having a much higher frequency of haplogroup B2 (92%) than 
either the Maléku (8%) or the Guaymi (24%). The Chibchan Zapáton Huetar were 
characterized by three Native American (A2, B2, and D1), one African (L2a), and 
one European derived (H1) haplogroup. One previous study of the Quitirrisi Huetar 
had identified the presence of haplogroup D1 in this population (Santos et al. 1994). 
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The Oto-Manguean speaking Chorotega exhibited three (A2, B2, and D1) of the 
Native American mtDNA haplogroups. Only one (Zapáton Huetar) of the five study 
populations exhibited non-Native American mtDNA haplogroups (L2a and H1). The 
Zapáton Huetar contained both European and African haplogroups. This is consistent 
with previously published data using classical markers that indicated genetic 
admixture in this population (Barrantes et al. 1990; Azofeifa et al. 2001). The 
absence of maternal admixture in the other four populations would indicate that gene 
flow into these groups was generated from male lineages. 
 In contrast to other neighboring Native American populations, Chibchan-
speaking populations of lower Central America demonstrate a distinctive pattern of 
mtDNA haplogroups and haplotypes. Neighboring Central American populations 
have previously exhibited three or four of the Native American founding mtDNA 
haplogroups (A2, B2, D1). The K’iche Maya (Bolas et al. 1995) contain four (A2, 
B2, C1, D1) of the five (A2, B2, C1, D1, X2a) mtDNA haplogroups, as do the 
Chocoan-speaking Wounan (Kolman and Bermingham 1997). In addition, the 
Chorotega (this study) and the Emberá (Kolman and Bermingham 1997) contain three 
(A2, B2, D1) of the five mtDNA haplogroups. According to some researchers, this is 
indicative of a Chibchan population bottleneck that did not include individuals with 
haplogroups C1 or D1 (Kolman and Bermingham 1997). The majority of individuals 
in Chibchan populations belong to haplogroup A2. This is shared with Chibchan-
speaking populations from northern South America (Melton et al. 2007). Kolman and 
Bermingham (1997) suggested that haplogroup C1 was not present in Chibchan 
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groups throughout their genetic history.  However, Melton (2005) and Melton et al. 
(2007) suggested that all four Native American haplogroups were present at the 
beginning of their genetic history and subsequently lost through genetic drift. Melton 
et al. (2007) also offered the alternative explanation that individuals belonging to 
haplogroup C1 were part of an earlier migration and these individuals adopted the 
Chibchan language as these populations expanded from Central America in to 
northern South America (Keyeux et al. 2002; Fox 1996).  
The Huetar and the Boruca are the only two Chibchan populations that have 
previously demonstrated low frequencies of haplogroup D1 (Santos et al. 1994; 
Torroni et al. 1994b). They also share this with the Chorotega, who are believed to 
have migrated into the Gran Nicoya region approximately 1,200 YBP (800 A.D.) 
(Fowler 1989). Haplogroup D1 is detected in low frequencies in other Mesoamerican 
populations including the K’iche Maya (Boles et al. 1995) and ancient Maya from 
Copán (Merriwether et al. 1997). Therefore, there is the possibility that haplogroup 
D1 was introduced into Chibchan populations from Mesoamerica. This would explain 
the presence of D1 in the Huetar and Boruca as indicative of pre-Columbian maternal 
gene flow. Similar to post Chibchan populations, the marriage residence pattern of 
these groups is matrilocal. However, the Chorotega also share a high frequency of 
haplogroup A2 (73%) with neighboring Chibchan populations. An alternate 
possibility is that the Chorotega represent the remnants of a Chibchan population that 
adopted a language and certain Mesoamerican cultural traits from Nahua and Oto-
Manguean-speaking populations that migrated from central Mexico into the region 
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(Fowler 1989). One Chibchan population that may have inhabited the Gran Nicoya 
region prior to the arrival of the Chorotega are the Corobici. The Corobici are an 
extinct Votic-speaking Chibchan population, with close linguistic affinities to the 
Rama (Constenla 1995). The Chorotega population share HVS-I polymorphisms with 
other Chibchan populations. The shared relationship of mtDNA among Chorotega 
and Chibchan groups and of Y-chromosome among the Chorotega and Mesoamerican 
groups is suggestive of migrating Mesoamerican males intermarrying with Chibchan 
females.  
Recent archaeological evidence offers contradictory evidence to the 
assumption that there was complete replacement of earlier Chibchan cultures with 
Mesoamerican motifs that are identified in ceramics, burial patterns, and social 
organizations during the Sapoa period (650 to 1,200 YBP) (González and Leiva 
2006). The Chorotega are believed to have migrated from the central Mexican 
highlands in the 8th century and migrated to the Rivas region of Pacific Nicaragua. 
Subsequent migrations of Nahua speakers forced this group further south into the 
Gran Nicoya region of Costa Rica where they resided when contacted by the Spanish 
(Fowler 1989). Recent archaeological evidence from the site of San Isabel (800 to 
1200 A.D.), on the western shore of Lake Nicaragua, suggest only partial replacement 
with the presence of superficial Mesoamerican traits related to iconography and 
ideology but this group lacked shared domestic characteristics such as maize and dog 
food production, absence of comales (large cooking plates), and maintained different 
housing structures then groups to the north (McCafferty 2008). This interpretation 
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differs from that of González and Leiva (2006) who argue that total population 
replacement occurred with the arrival of Nahua and Oto-Manguean groups, and this is 
seen in the archaeological record of the Gran Nicoya region.. This archaeological 
evidence includes Mesoamerican ceramic motifs and social organization (González 
and Leiva 2006) In addition, unpublished data from ancient DNA indicates a high 
frequency of haplogroup B2 in Gran Nicoya skeletal material suggesting a closer 
biological relationship to the Rama than to present day populations (MH Crawford 
pers. comm.).  
The Rama is the most divergent Chibchan population at the mtDNA locus, 
due to their high frequency of haplogroup B2 (92%). In the MDS plot (figure 16) they 
cluster with the Aché and Xavante, two eastern South American populations. This 
genetic relationship between the Rama and the eastern South American groups is 
largely due to their shared haplogroup frequency for B2 and probably not due to 
recent common ancestry. Haplogroup B2 is common throughout several Native 
American populations. The Aché (90%) (Schmidt et al. 2004) and Xavante (84%) 
(Ward et al. 1996) both exhibit high frequencies of haplogroup B2. In addition, the 
Chibchan- speaking Bari of Colombia had previously been reported to contain 100% 
haplogroup B2 (Keyeux et al. 2002). The Rama also share a number of haplotypes 
with other Chibchan populations particularly the 16360 sequence variant that is 
shared by the majority (6 out 7) of Central American Chibchan populations and the 
16187 sequence variant that is shared with Isthmic-speaking groups (figure 14 and 
15). Analysis from ancient DNA from highland Colombia also demonstrated a higher 
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frequency of haplogroup B2 in northern South America during the Pre-Columbian 
era. Jara et al. (2008) investigated mtDNA haplogroups in 14 skeletons from the 
Muisca era (400 to 1,200 YBP) from Colombia and found all of these specimens 
exhibit haplogroup A2. However, in the preceding Herrera period (1,200 to 2,600 
YBP) all skeletal material contain haplogroup B2 (Briceño et al. 2008), signifying 
population replacement. Archaeological evidence also indicate changes between the 
Herrera and Early Muisca periods with increased population growth and an increase 
in pottery styles that may be related to feasting (Langeback 2003). Given the time 
frame (~1,200 YBP), this replacement may be reflective of Mesoamerican migrations 
pushing Chibchan populations into northern South America and towards the 
Caribbean coast. However, little archaeological research has been done regarding the 
movement of Chibchan populations into South America.  
Based on the aforementioned high frequency of haplogroup B2 in Gran 
Nicoya ancient DNA analysis, the Rama potentially represents a single or group of 
Chibchan populations that migrated to the Caribbean after contact with 
Mesoamerican groups. An alternative interpretation is that the Rama are undergoing 
genetic drift due to their isolation in the tropical forests of eastern Nicaragua. Until 
recently there was little archaeological research conducted on the Atlantic coast of 
Nicaragua (Magnus 1978; Hoopes 2005). The earliest archaeological site in the 
region is a shell mound excavated near Monkey Point in 1969 that was radiocarbon 
dated to 7,600 and 5,500 YBP and contained stone artifacts, animal material, and 
shark bone indicative of a seafaring population with advanced fishing techniques 
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(Riverstone 2004). Further research by Spanish archaeologists since the mid 1990s 
has identified 25 sites and 85 shell mounds along the coast. The earliest of these sites, 
“El Cascal de Flor de Pino” near the Nicaraguan town of Kukra Hill dates to 
approximately 2,700 YBP with the major occupation occurring around 1,500 YBP 
(Gassiot and Clemente 2003). During this time period, the site appears to be a 
settlement with evidence for cooperative labor and the presence of basalt columns 
indicative of monumental architecture. Other archaeological sites from eastern 
Honduras and Costa Rica are contemporary with this site and indicate long term 
human occupation along the Caribbean coast (Hoopes 2005). This region may 
represent an expansion of Chibchan populations north along the Caribbean as the site 
is located between the current location of the Pech and the Rama, two Chibchan 
groups that are separated by the Miskito.  
Central American historians have long debated where the Rama originated 
and have attributed their presence to numerous indigenous populations mentioned at 
European contact. These groups include the extinct populations, Suerre, Voto, 
Melchora, Corobici and Caribes, as well as the extant groups, Maléku and Huetar 
(Riverstone 2004). Coalescent times for population divergence presented in this 
dissertation (table 10) rule out a recent shared origin with either the Huetar (4,249 ya 
Zapáton and 7,553 ya Quitirrisi) or the Maléku (10,531 ya) and indicate no recent 
shared biological relationships with these groups. The Suerre are an indigenous 
population that lived along the Caribbean coast of Costa Rica during the 1500s but 
were heavily decimated by disease and violence and the survivors were believed to 
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have been integrated with the Voto. The Voto were an important indigenous 
population that inhabited the region around the Rio San Juan. This population offered 
fierce resistance against the Spanish until 1666, when the they were forcibly relocated 
inland to prevent them from assisting British pirates. The last A 1745 account of the 
Voto mentions 200 Voto-Rama along the shores of Lake Nicaragua (Riverstone 
2004). The location of the Voto along the Rio San Juan, which today forms the 
southern boundary of Rama territory may indicate a possible relationship between 
these two populations. There is little information regarding the Melchora, an 
indigenous population that inhabited river systems southeast of Lake Nicragaua, and 
the only possible relationship with the Rama is geography. The argument for a shared 
relationship with the extinct Corobici is more difficult to discount. The Corobici are 
believed to have inhabited the southern region of Lake Nicaragua at European contact 
and may have once occupied the Gran Nicoya peninsula (Johnson 1948). Then, after 
European contact, the remnants of this population were forced toward the Caribbean 
where they were absorbed into the Maléku or became the Rama. The term “Caribes” 
also appears in Spanish ethnohistoric accounts of indigenous peoples inhabiting the 
regions around Lake Nicaragua but this is believed to differentiate the native 
Caribbean groups from the Mesoamerican populations along the Pacific (Riverstone 
2004). An alternative to the several populations that may be the predecessors of the 
Rama, is that these groups could be representative of a single indigenous populations. 
All of these populations are only known from ethnohistoric references and it is 
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possible that the same population was being described using different terminology by 
the early Spanish chroniclers in the region. 
Rama oral history, on the other hand, indicates they occupied their current 
location prior to European contact and this also included a larger region that extended 
from the Caribbean coast to the eastern shores of Lake Nicaragua. Subsequent 
conflict with the Miskito, armed by the British between the 16th and 19th centuries, 
forced the Rama into isolated geographic regions. These isolated regions are where 
the majority of Rama communities are located today.  It was not until the introduction 
of the Moravian church in 1859 on Rama Cay, does there appear to be resurgence in 
population numbers. According to Conzemius (1930), there were only 270 Rama 
speakers at that time. Current estimates place population size around 1,300 (Brignoli 
2005) to 3,000 (L. Martinez pers. comm.). This small population size and current 
rebound over the last 50 year period would indicate that genetic drift is the most 
likely interpretation for the high frequency of haplogroup B2 in this population. 
Evidence is also seen for genetic drift in the heterozygosity versus rii plot for classical 
markers (figure 28) and mtDNA (figure 17). The higher Y-chromosome diversity 
values for the Rama may be the result of British political influence in the region and 
the introduction of the Moravian church (Riverstone 2004).   
Y-Chromosome lineages present among the five study populations include the 
Native American haplogroups Q and Q3, European derived haplogroups R1b, G2a, 
and I1b, and the African haplogroup E3. The frequency of Native American specific 
haplogroup Q3 vary from 85.4% in the Huetar Zapáton to 34.7% in the Chorotega. 
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Native American Y-chromosome haplotypes are characterized by two haplogroups 
Q3 and C (Zegura et al. 2004). Haplogroup Q3 is found in Native American 
populations throughout both North and South America. Y-chromosome  haplogroup C 
is highest in northwestern North America, found in lower frequencies in Athabaskan 
populations of the southwest, and only been detected in the Wayuú of South America 
(Zegura et al. 2004; Mahli et al. 2008). Haplogroup C is absent in all of the Chibchan 
populations indentified in this study and has not been previously characterized in 
other Chibchan populations studied for Y-chromosome variation (Lell et al. 2002; 
Zegura et al. 2004; Ruiz-Narvaez et al. 2005). Therefore, the Native American 
paternal component in these populations is represented by Q (15%) and Q3 (66%). Y-
chromosome haplogroup Q is also found in Siberian populations and in low 
frequencies in Europe, East Asia, and the Middle East indicating the potential for 
admixture with other populations (Karafet et al. 2008).  
The European haplogroup with the highest frequency in the study and 
comparative populations is R1b, with values ranging from 43.7% in the Chorotega to 
10.5% in the Abrojo Guaymi. Haplogroup R1b is found in high frequencies in the 
British Isles and Iberian peninsula (Wilson et al. 2001). The presence of this 
haplotype in high frequencies in these populations is indicative of paternal gene flow 
from western Europe after contact. The presence of high frequencies of R1b in these 
populations is consistent with historical information regarding European contact. 
Columbus visited the region on his fourth voyage to the Americas in 1502. He termed 
the region “Costa Rica” (Rich Coast) due to the large number of gold objects worn by 
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the indigenous populace (Morrison 1942). By 1520, the Spanish conquistador Gil 
Gonzalez Dávila headed from the Spanish settlement of Panama along the Pacific 
coast, where he first contacted the Chorotega chief Nicoya. Nicoya informed him of a 
larger Nicarao settlement headed by chief Nicaragua. By 1560, the indigenous 
population of Pacific Nicaragua is believed to have collapsed from an estimated 
600,000 to 6,000 “tributaries” due to disease, violence and the forced removal of 
slaves to Peru (Cooke 1997). A caveat to this is that “tributaries” may not be 
equivalent to population size and may be more reflective of the dwindling amount of 
easily obtainable gold in the region as the indigenous population was decimated or 
that it refers to male members of a population. This is in contrast with indigenous 
populations on the Caribbean coast, that were influenced and armed by the British in 
order to attack Spanish interests in the Caribbean region until 1860 (Riverstone 
2004). Therefore, the high frequencies of Y-chromosome R1b are likely the result of 
admixture from Spanish and British males. 
The analysis of classical genetic polymorphisms indicates population 
subdivision in these populations based on GST values above 0.05. In addition, the 
Classical genetic MDS plot (figure 27) demonstrates a shared biological relationship 
between Mayan and Chibchan speaking populations. This is similar to the mtDNA 
MDS plot (figure 16) where the K’iche Maya, Chorotega, and the majority of 
Chibchan population cluster based on HVS-I sequence data. Melton et al. (2007) 
argued that this shared biological relationship among the K’iche Maya and Chibchan 
groups was based on a shared common biological origin for these two groups, but 
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each of these groups had been affected by different evolutionary forces. In the case of 
the K’iche Maya, that demonstrate higher haplotype diversity and positive Fu’s Fs 
scores, they had been impacted by gene flow. Whereas Chibchan populations contain 
low haplotype diversity and negative neutrality test statistics, indicative of genetic 
drift. This relationship is further supported by recent unpublished data from both 
archaeology and linguistics (J. Hoopes pers. comm.). However, the K’iche Maya are 
different than the other surrounding Mayan populations and are considered to have 
migrated to Central Mexico around 800 YBP (1200 A.D.) and may be Nahua and 
Chontal Maya speakers influenced by the Toltec empire that migrated into the 
Guatemala highlands during this time period (Carmack 1968). This time frame is 
similar to the movement of other indigenous populations from central Mexico, 
including the Chorotega and the Nicarao. However, further genetic and 
archaeological work is necessitated in order to elucidate this relationship. 
MESOMAERICAN – CHIBCHAN POPULATION RELATIONSHIPS  
 Contrary to previous results that have argued for the distinction of Chibchan 
populations from other indigenous groups in Central America (Barrantes et al., 1990; 
Torroni et al., 1994b; Batista et al., 1995; Kolman et al., 1995; Bieber et al., 1996; 
Kolman and Bermingham, 1997; Ruiz- Narvaez et al., 2005), this dissertation 
demonstrated further support for a shared biological affinity between Mesoamerican 
and Chibchan populations (Melton et al. 2007). This biological relationship is shown 
in the MDS plots for mtDNA (figure 17) and classical genetic markers (figure 27) as 
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well as the SAMOVA (figure 18) for mtDNA. The MDS plot for mtDNA presents a 
cluster of nine of the ten Chibchan populations, with the K’iche Maya and the 
Chorotega. Melton et al. (2007) investigated intermatch distances between Chibchan 
and the K’iche Maya Mayan and found that they shared an overlapping peak that was 
not shared with other South American groups. This was used to suggest a shared 
biological origin for Chibchan and the K’iche Maya.  
While these indigenous Central American populations may have originated 
within the same timeframe, different evolutionary forces are operating on these 
populations. The K’iche Maya demonstrate genetic characteristics consistent with 
gene flow and included high mtDNA haplotype diversity values and significantly 
negative neutrality test statistics. In contrast, based on mtDNA data, all Chibchan 
populations demonstrate genetic characteristics consistent with genetic drift. The 
separation of Central from South American populations is also displayed in the 
SAMOVA, which identified four groups. Two of these groups appear to be Chibchan 
outliers, the Rama and Maléku, that are characterized by high frequencies of mtDNA 
haplogroups, B2 and A2, respectively. Whereas, the Chocoan-speakers (Emberá and 
Wounan) and the Wayuú cluster together in their own group. The two Chocoan 
groups are known to be recent immigrants to Central America and migrated along the 
Pacific coast from Colombia into the Darien region of Panama since European 
contact (Kolman and Bermingham 1997; Herlihy 1997). Previous research on 
mtDNA in the Wayuú has also differentiated them from Chibchan populations and 
suggests they share closer biological affinities to other South American populations 
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(Melton 2005; Melton et al. 2007). One argument against a shared relationship 
between Chibchan and Mesoamerican populations is that this relationship is based 
only on two Mesoamerican groups (K’iche Maya and Chorotega), both of which have 
distinct cultural histories.  
Today, the Maya are a heterogeneous group of populations that speak 28 
different languages and represent 6 million different people (Ibarra-Rivera et al. 
2008) making the biological relationship of one Mayan group (K’iche Maya) from 
Guatemala (Boles et al. 1995) with Chibchan populations somewhat tenuous. There is 
also the possibility that the Chorotega mtDNA sequences represent the maternal 
genetic remnants of an earlier Chibchan population that was subsumed by migrating 
Mesoamerican groups after 1,200 YBP. In order for further confirmation of this 
proposed Central American relationship, further mtDNA sequence data are needed 
from other populations in the region, especially those that inhabit Honduras and 
Nicaragua where there is a lacunae of biological information regarding Native 
Americans. 
In addition, the Y-chromosome MDS plot (figure 24) demonstrates a closer 
biological relationship between Votic-speaking Chibchan and Mesoamerican 
populations whereas the Isthmic-speakers cluster closer to other South American 
groups. This latter pattern was also observed in previous Y-chromosome research 
where some South American populations clustered together in a neighbor-joining tree 
with Chibchan populations (Ruiz-Narvaez et al. 2005). The paternal relationship 
between Votic and Mesoamerican groups is not unexpected. The Votic-speaking 
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Chibchan groups would have bordered the incoming Mesoamerican groups and 
would have had more opportunity for interaction with them. The Votic-speaking 
groups may have used this position to act as middlemen between the Mesoamerican 
groups to the north and other Chibchan populations further south. The Huetar were 
the largest Central American Chibchan group at European contact (Hoopes and 
Fonseca 2003). The Huetar may have increased in population size during the period 
between 300-600 AD when the widespread use of prestige items manufactured from 
jadeite and gold begin to appear in abundance in the region’s archaeological record 
(Hoopes 2005). This role would have expanded after the migration of Mesoamerican 
populations along the Pacific coast around 1,200 YBP. In addition, the presence of 
Votic-speakers may have impeded the further migration of these Mesoamerican tribes 
further south. The evidence presented here suggests that male and smaller amounts of 
maternal gene flow did occur between Mesoamerican and Chibchan populations, but 
it was primarily restricted to the Votic-speaking groups.   
The Rama and Chorotega also grouped closely with other Mesoamerican 
populations based on Y-chromosome STR data. This relationship is not surprising 
since the Chorotega are a Mesoamerican population. The close paternal biological 
relationship between the Chibchan Rama with the Pipil Nahua-speaking groups from 
El Salvador (Lovo-Gomez et al. 2005) could be based on the influence of 
Mesoamerican groups in the Caribbean coastal region. Lothrop (1942) used 
ethnohistoric evidence to suggest the presence of an Aztec trading colony, Sigua, at 
the mouth of the Rio Sixaola on the Caribbean between Costa Rica and Panama. This 
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outpost may have represented the southernmost expansion of the Aztecs along the 
Caribbean coast. The trading colony was destroyed in 1722 by Miskito pirates and 
most of the 2,000 inhabitants were enslaved and shipped to Jamaica. The survivors 
fled to the Bocas del Tora region of Panama and are believed to have intermixed with 
the Chibchan groups of the region (Cooke et al. 2003). Beekman and Christensen 
(2003) also locate a Uto-Aztecan linguistic population on the Caribbean coast at the 
mouth of the Rio San Juan. The location of this latter proposed trading outpost is 
considered the southern border of Rama territory, and the Aztec and Nicarao are both 
Nahua-speaking populations. Therefore, this paternal genetic relationship may be 
representative of male gene flow into the Rama from these groups. However, physical 
evidence for these outposts remains unsubstantiated.  
Another reasonable interpretation for this paternal relationship is that it may 
represent an influx of Mesoamerican paternal lineages from Miskito Indians. Starting 
in 1687 the British crowned a “Miskito King”, which allowed them to wield political 
influence over the Caribbean coast of Central America from Honduras to Panama 
until the late 19th century. Beginning in the early 1700s, the Miskito expanded their 
territory into Rama territory and enslave other indigenous groups along the coast. In 
these cases, the males within a village were often killed and the females and children 
sold into slavery. The majority of the enslaved populace was shipped to Jamaica or 
taken as personal slaves by the Miskito. After 1740, when large numbers of Africans 
were brought to Jamaica, the demand for Central American slaves lessened but still 
continued (Riverstone 2004). Given the violence towards males during this period, 
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coupled with the increasing isolation of the Rama, it is reasonable to assume that 
male gene flow from other populations occurred during this time period. The 
biological relationship between the Miskito and Rama is tenuous at best. There is 
little known regarding the genetics of populations along the Miskito coast. Aside 
from previous research on classical genetic markers by Matson and Swanson (1963) 
and Azofeifa et al. (1998), neither of which assessed population relationships, there is 
no comparative molecular marker data for this population. Based on certain classical 
genetic private polymorphisms, the Miskito appear to be closely related to Chibchan 
populations (Azofeifa et al. 1998). Therefore, further evidence is required for this 
proposed biological relationship between the Rama and Miskito to be verified.    
DIFFERENCES IN MATERNAL AND PATERNAL GENETIC HISTORIES 
Chibchan genetic history varies considerably between mtDNA and Y-
chromosome markers. The maternal genetic profile is that of a Native American 
population with little admixture from outside groups. Only one (Zapáton Huetar) of 
the five study populations demonstrated maternal gene flow from European and 
African populations. This population is also characterized by the highest frequency 
of male Native American haplogroup Q3. The introduction of female genetic 
material may be due to their location in the central valley of Costa Rica, which is the 
most populated area in the country. The Huetar are the indigenous population that 
inhabited the Central Valley prior to European contact and were also the largest 
indigenous population in the region at the time (Hoopes and Fonseca 2003). The 
other four populations are characterized exclusively by the presence of Native 
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America haplogroups (A2, B2, and D1). This, along with reduced mtDNA gene 
diversity values and positive neutrality test statistics, are the result of genetic drift 
and the isolation of these communities. The paternal markers, however, indicate a 
substantial amount of male mediated gene flow from both Native Americans and 
Europeans. The Zapáton Huetar have one of the highest Y-chromosome diversity 
values (0.987) and are characterized by the second highest frequency of Native 
American haplogroup Q3 (84.5%). However, based on the Y-chromosome Q3 
median joining network (figure 22) there appears to be an absence of a paternal 
phylogenetic relationship between populations.  
The diversity measures for Y-chromosome variation in the five study 
populations are high, which is likely the product of two different demographic events: 
1) the movement of Mesoamerican populations from central Mexico with the rise of 
the Toltec empire around 1200 YBP (Fowler 1989); and 2) the arrival of European 
populations in the early sixteenth century. The first of these demographic events is 
demonstrated in the Y-chromosome MDS plot (figure 24) where Votic-speaking 
Chibchan populations cluster with the five El Salvador Pipil Nahua-speaking groups 
and not with Isthmic-speaking populations from southern Costa Rica and Panama. 
This is indicative of a shared biological relationship between these populations and 
suggests gene flow between these groups prior to European contact. Contact with 
European groups impacted the structure of these population through the introduction 
of male genetic material. This is evidenced through the presence of male European Y-
chromosome haplogroups in all of the five study populations. In addition, there is 
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abundant documentation of the severity of contact from disease, forced population 
relocation, and violence that decimated and altered the genetic structure of Native 
American populations (Crawford 1998). However, the expected outcome of this 
would be reduced genetic variation and not the high genetic diversity observed in the 
Y-chromosome. This higher diversity may be representative of higher male 
population movement in the region. 
A number of studies have indicated high paternal European and African 
admixture estimates for other South American indigenous populations (Santos et al. 
1999; Mesa et al. 2000; Carvajal-Carmona et al. 2000). Mesa et al. (2000) 
investigated genetic admixture in five indigenous populations (Emberá, Ingano, 
Wayuú, Zenu, and Ticuna) from Colombia and found between 95-100% of the 
mtDNA variation was of Native American origin in all five populations. This study 
also demonstrated that the male Native American Y-chromosome component varied 
dramatically between populations. The Amazonian Ticuna had the highest Native 
American Y-chromosome component (97%) whereas the more urban Zenu (near 
Medelin) had the lowest (35%). Estimates of European admixture ranged from 62% 
in the Zenu to 3% in the Ticuna. The Emberá had the highest African paternal 
component (11%) which was absent in the Ingano and the Ticuna. Carvajal-Carmona 
et al. (2000) found similar results for an admixed population in the Colombian 
department (state) of Antioquia where 90% of the sampled population had Native 
American mtDNA but 94% of the Y-chromosomes were of European origin. These 
authors traced the genetic origins of males back to southern Spain and attributed a 
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small proportion (~14%) to a Sephardic genetic contribution from northern Iberia. 
Paternal genetic admixture from Central American populations is unknown, but a 
recent study of autosomal STR variation in Latin American Mestizos indicated a 
higher than 70% European admixture rate for the central valley of Costa Rica (Wang 
et al. 2008). Similar studies among Arctic populations have also found differences 
between Y-chromosome and mtDNA markers indicating unidirectional mating 
between European males and Native American women (Bosch et al. 2003; Rubicz 
2007).  
The migration of the Spanish to the Americas was primarily done by males. 
According to the 15,000 names listed in the “Catálogo de Pasajeros a Indias,” a list of 
Spanish passengers migrating to the Americas between 1500 and 1559, only 10% 
were female (Sanchez-Albornoz 1977). The interactions between the new European 
immigrants and indigenous peoples were often violent. Early historical accounts of 
slaughter and violence against Native Americans including mass executions, torture, 
and enslavement was documented by Spanish chroniclers (Anglería 1976; Oviedo 
1976; 1977; Casas 2007). The early Spanish conquistadors in the region considered 
Native Americans to be the agents of Satan, and under the system of econmiendia 
they were granted the right to enslave a maximum of 300 indigenous inhabitants each 
(Thomas 2004). Females were often taken as slaves and the males were often killed. 
Casas (2007) describes one event in Nicaragua in the 1520s where a small group of 
conquistadors raided a village during the night, killed the males and took the females 
hostage. On their return, the Spanish were attacked by another group of Native 
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Americans and rather than return the female captives, they killed them. The 
enslavement and slaughter of indigenous peoples continued until the papal bull of 
Sublimus Dei was decreed in 1537, forbidding the enslavement of the indigenous 
populations of the Americas. This decree was widely ignored by the Spanish 
colonizers but led to the Valladolid debate between 1550 and 1551. This debate 
between two Dominican friars; the bishop of Chiapas, Bartolomé de las Casas, who 
argued that Native Americans were free men and deserved the same treatment as 
others. His opponent, Juan Ginés de Sepúlveda, argued that Native Americans were 
natural slaves, and that their enslavement was consistent with Catholic theology 
(Crow 1992). While both of these individuals claimed victory in the debate, the 
outcome was moot as the decimation of Native American populations had already 
occurred. The remaining Native Americans were either subsumed into the larger 
Spanish culture or fled into isolated regions in Central America.  
Violence and slavery were not unknown to the indigenous inhabitants of 
Central America prior to the arrival of Europeans. Based on archaeological evidence, 
it would appear that violence was endemic to the region prior to contact and 
intertribal warfare and human sacrifice were common (Fowler 1989). However, the 
level of violence that occurred with the arrival of the Spanish, along with new 
diseases, rapidly depopulated the region. The well documented smallpox epidemic of 
1520-1527 spread from Mexico to the Andes and is estimated to have killed more 
than a million people (Crosby 1972). The historic events of Nahua migrations from 
central Mexico around 1,200 YBP and the arrival of Europeans help explain the 
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introduction of Mesoamerican haplogroups and European Y-chromosome lineages 
into northern Votic-speaking Chibchan populations. However, the Isthmic speaking 
groups have lower Y-chromosome diversity values and cluster closer to South 
American populations in the MDS plot (figure 26). These diversity values are still 
higher than their maternal counterparts. 
Another potential explanation for this observed dichotomy between low 
mtDNA and high Y-chromosome diversity is that ethnographic information indicates 
that Chibchan populations historically practiced matrilocal residence patterns 
(Reichel-Dolmatoff 1950; Kolman and Bermingham 1997). Almost all of the 
available comparative data demonstrates low mtDNA haplotype diversity values 
when compared to Y-chromosome values for Chibchan populations. The only 
population to show a lower Y-chromosome (0.678) to mtDNA diversity (0.81) value 
is the Guaymi-Oso, and this may be attributed to the small sample size (n = 8) or that 
this population practice a patrilocal residence pattern. In the other This matrilocal 
resident cultural practice is demonstrated by these genetic data which demonstrates 
higher gene flow in males than in females in the majority of Chibchan populations. 
An alternative explanation is that the Guaymi/Ngöbé practiced patrilocality and this 
mtDNA/Y-chromosome relationship is due to this cultural practice (Kolman and 
Bermingham 1997). However, the other Guaymi-Abrojo population demonstrates 
high Y-chromosome diversity values, which suggests more population movement by 
males. An interesting observation from these data is that it does not appear that males 
move between Chibchan populations. Whereas there are shared mtDNA matrilineages 
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between Chibchan populations, there do not appear to be shared patrilineages among 
groups. This indicates limited male gene flow between groups. This is also consistent 
with previous research on Chibchan population Y-chromosomes, where an exact test 
of differentiation demonstrated that Y-chromosome haplotypes were not randomly 
distributed among Chibchan populations (Ruiz-Narvaez et al. 2005). This difference 
in male gene flow versus genetic drift between the Votic and Isthmic Chibchan 
groups may be explained by the isolation of these southern Isthmic speaking 
communities. The Cabecar and Bribri inhabit the Talamanca mountain range in 
southern Costa Rica and the Teribe are an isolated group located along the Caribbean 
coast of Panama. These groups are known to have revolted against the Spanish 
several times after contact and maintained some degree of isolation from European 
populations in the region into the 20th century (Herlihy 1997). However, all Chibchan 
populations appear to be highly impacted by maternal genetic drift and this 
demonstrated through shared matrilocal residence pattern.  
GENETIC DRIFT VS. GENE FLOW       
As mentioned previously there appears to be a significant difference in the 
evolutionary forces operating on mtDNA and the Y-chromosome in Chibchan 
populations. MtDNA analysis supports the idea that genetic drift is the primary 
evolutionary force operating on Chibchan populations. Whereas the Y-chromosome 
analysis supports the idea that the northern speaking Votic-speaking groups have 
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experienced higher levels of admixture with both Mesoamerican and European 
populations than southern Isthmic groups. 
The heterozygosity (gene diversity) versus rii plots (figures 17, 25 and 27) 
were used to examine the interactions between genetic drift and gene flow and their 
effect on genetic markers. At the mtDNA locus (figure 17) all but two (Guaymi, 
Zapáton Huetar) of the Chibchan populations fall below the theoretical regression 
line, indicating that genetic drift is operating on the majority of Chibchan populations. 
A similar pattern is also observed for classical genetic markers (figure 25) with only 
two Chibchan (Pech, Boruca) populations above the regression line. For the Y-
chromosome, four Chibchan populations (Zapáton Huetar, Huetar, Rama, and 
Guaymi-Abrojo) appear above the regression line whereas the other Chibchan 
populations appear below the regression line. Three of these four populations belong 
to the Votic-speaking linguistic stock and given their geographic location this is 
indicative of great gene flow due to the two previously discussed demographic 
events.    
Further evidence for genetic drift in Chibchan population maternal lineages is 
observed in positive neutrality test scores for Fu’s FS (average = 2.76 ± 1.73) and low 
haplotype diversity (average = 0.598 ± 0.217) values. The only other Central 
American population to contain a positive Fu’s FS value is the Chorotega, and this 
may be representative of an earlier female Chibchan population in the region. The 
Chorotega share a number of mtDNA haplotypes (figure 14) with other Chibchan 
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populations including, 16189 (12) and 16360 (5) both of which are frequent in other 
Central and South American Chibchan populations. Genetic drift is most pronounced 
in the Rama, Maléku, and Ijka Chibchan populations. Both the Ijka (90%) and 
Maléku (92%) are almost fixed for mtDNA haplogroup A2 and the Rama (92%) for 
B2. The most applicable explanation for the observed type of genetic drift is that 
these populations underwent a genetic bottleneck within the last 10,000 years 
followed by subsequent fission along maternal lineages. 
Evidence for this Chibchan population bottleneck is seen in the median 
joining network for mtDNA haplogroup A2 (figure 14). The majority of Chibchan 
populations are characterized by large nodes that are shared between a large number 
of individuals within Chibchan groups, whereas, other Central American populations 
(K’iche Maya, Emberá) are characterized by a large number of singletons indicative 
of single groups. The four major Chibchan nodes (16189, 16360, 16187, and 16129) 
are all one mutational unit from the founding Native American haplogroup. Based on 
coalescent dates these four nodes range from 10,967 ya(16360) to 2,346 ya (16129). 
All of these dates are consistent with other reported dates for Chibchan populations 
that place the genetic origins of Chibchan populations within the last 10,000 years 
(Barrantes et al. 1990; Santos et al. 1994; Batista et al. 1995; Kolman et al. 1995; 
Kolman and Bermingham 1997).  
An argument against this genetic drift interpretation is that, due to the severe 
depopulation of the region that occurred after European contact, genetic variation 
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within these populations was lost and therefore does not show up in the observed 
mtDNA diversity. However, all Native American populations experienced contact 
with Europeans and not all of these populations demonstrate this reduced haplotype 
diversity. In fact the populations neighboring these groups to the north (K’iche Maya) 
and the south (Emberá and Wounan) also demonstrate signatures associated with 
expanding populations and include statistically significant negative neutrality test 
statistics and high mtDNA haplotype diversity values. There is the possibility that the 
reduced genetic diversity in these populations is the result of natural selection 
operating on the mtDNA genome in Chibchan populations. However, this argument 
may be ruled out as the HVS-I region is considered to be non-coding and therefore it 
is unlikely that it would be impacted by selection. If natural selection was operating 
on Chibchan groups it would have to be demonstrated in the coding region, which 
may be determined from full mtDNA genome sequencing. The surrounding 
populations (K’iche Maya, Emberá, and Wounan) inhabit similar geographic regions 
and ecosystems, indicating that if selective pressure were acting on Chibchan 
populations it should also be reflected in K’iche Maya and Chocoan mtDNA 
diversity. A final argument that can be made regarding the idea of genetic drift is that 
neutrality test statistics, such as Tajima’s D, may not be sufficiently robust enough to 
detect evolutionary events that occurred within the last 10,000 years because they are 
based on rare variation and number of segregating sites and do not account for 
mutation rate heterogeneity (Aris-Brousou and Excoffier 1996). However, the less 
conservative Fu’s Fs statistics presented here does take into account mutation rate 
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heterogeneity and provides similar results, further supporting the idea of a genetic 
bottleneck occurring in Chibchan populations. Therefore, the question becomes, if a 
population bottleneck did occur in Chibchan population and not in neighboring 
populations, what may have precipitated it? 
PHYLOGEOGRAPHY, PALEOECOLOGY, AND CHIBCHAN ORIGINS 
 Recent research regarding paleoenvironmental reconstructions has 
demonstrated that Central and northern South America were cooler and drier during 
the Pleistocene than during the Holocene (Cooke 2005). This Pleistocene 
environment was characterized by open grasslands and dry xeric (sagebrush) habitats 
that were favorable to megafauna and hunter-gatherer populations (Lynch 1983). 
Climatic oscillations during the Younger Dryas (10,000 to 8,500 YBP) created a 
warmer, moister environment and a rise in sea level which may have submerged 
coastal areas (Cooke 2005). Elevated ocean levels in the Caribbean are estimated to 
have occurred twice (12,300 and 8,800 YBP) and resulted a rise in sea water of 30 
meters each time (Fairbanks 1989). This rise in sea level also would have covered 
earlier human occupation in the coastal regions of Central America (Cooke 2005). 
This time period also corresponds to the formation of swamps in Caribbean 
Nicaragua. Urquhart (1997) obtained pollen cores from eastern Nicaragua and 
determined the earliest formation of swamps occurred between 8,000 and 7,800 YBP. 
These swamps were composed of the Paurotis palm (Acoelorraphe wrightii) and fern 
species Blechnum serrulatum. Both of these plants are typical of deep water and 
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indicate Caribbean around Lake Nicaragua was largely a swampy area. These species 
were then replaced in the pollen record between 7,800 and 5,000 YBP by Myrica 
Mexicana, a plant that grows on floating vegetation hammocks in swamps more than 
a meter in depth (Phillips 1995). After 5,000 YBP, the sea level again decreased and 
then settled at its current level around 3,800 YBP. Other paleoecological evidence 
suggests that lower Central America was isolated from Mesoamerica as Lake 
Nicaragua was flooded around 7,500 YBP, creating an interoceanic corridor between 
the Atlantic and Pacific (J. Hoopes pers. comm.). This Lake Nicaragua region 
corresponds to the genetic barrier (figure 18) identified from mtDNA HVS-I 
sequences and is apparent in the interpolated genetic landscape (figure 19). The 
proposed paleoecology pollen core dates also overlap with previous genetic dates 
suggesting Chibchan populations originated between 14,000 and 8,000 ya (Barrantes 
et al. 1990; Kolman and Bermingham 1997; Melton et al. 2007).  
There is also archaeological evidence that human environmental disturbance 
intensified and a subsistence shift to horticulture took place during this time period 
(Cooke 2005). Three archaeological sites from central Panama (Carabalí, Cueva de 
los Vampiros, and Aguadulce) demonstrate the presence of four domesticated plants: 
bottle gourd (Lagenaria siceraria); arrowroot (Maranta arundinacea); lerén (Calathe 
allouia); and squash (Cucurbita moschata) date to between 9,000–7,000 YBP (Cooke 
2005). Domesticated arrowroot has also been found in highland Colombia and dates 
to 10,000 to 9,000 YBP (Bray 2000). In addition maize (Zea mays) and manioc 
(Manihot esculenta) have been found in found in archaeological sites from Pacific 
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and Caribbean Panama that date to between 7,800 and 5,400 YBP (Dickau et al. 
2007). Cultural complexity also began to occur in the region around 6,000 YBP, and 
greater interaction among groups occurred (Cooke 2005). This time period (~5,000 
ya) overlaps when glottochronological evidence indicates that Chibchan linguistic 
stocks diverged from one another (Constenla 1991). However, there are significant 
differences for coalescent dates for population divergence within Votic-speaking 
groups, indicating greater temporal differentiation between these groups.  
The congruence of biological, paleoenvironmental, and archaeological data 
indicate that Chibchan populations first diverged from earlier Paleoindian populations 
in response to ecological changes that began during the Pleistocene/Holocene 
boundaries. These climatic changes resulted in a shift in subsistence strategies that 
transitioned these groups from hunter-gatherers to plant domesticators. These 
Pleistocene/Holocene climate changes led to a number of microenvironments. With 
subsequent geographic isolation, people began to alter their environment, which led 
to reduced genetic diversity and movement among populations in the region until 
5,000 YBP.  
The resulting subsistence shift to horticulture is also observable in the mtDNA 
evidence presented here for Chibchan populations. The majority of Chibchan 
populations are characterized by low mtDNA haplotype diversity values when 
compared to neighboring Central American and South American populations. 
Chibchan populations are also characterized by very few nodes in the median joining 
networks (figures 14 and 15) where Chibchan groups are composed of one or two 
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major haplotypes per population along with a few singletons. These biological 
characteristics are indicative of a population that has undergone a genetic bottleneck 
within the last 10,000 years.  
The timing of this genetic bottleneck corresponds to climatic changes 
(occurring in Central America) at the time and a shift in subsistence strategies from 
hunter-gathering to plant domestication is observed in the archaeological record. This 
would suggest that Chibchan-speaking populations diverged during this transition to 
agriculture, which occurred within Central America. The earliest evidence for this 
subsistence transition is found in the highland regions of Central Panama. While there 
is also evidence of population continuity in the central highlands of Costa Rica, this 
region lacks vegetative support for an agricultural transition (Cooke 2005). During 
the time period from 7,000 to 5,000 YBP, archaeological evidence indicate human 
activity along the Pacific and Caribbean coasts intensified during the time period 
between 5,000 and 2,500 YBP. After 2,500 YBP, greater regional specialization 
occurs in the archaeological record, but a number of shared characteristics in ceramic 
motifs are apparent across regions (Cooke 2005, Hoopes 2005). There is clear 
archaeological evidence that humans expanded lower Central America into South 
America after the adoption of plant domestication and this expansion corresponds 
well with both glottochronological (Constenla 1991; 1995) and coalescent divergence 
time presented in this study between Chibchan linguistic stocks. These temporal 
estimates provide further evidence for the diaspora of Chibchan populations and 
indicate that the “First Farmer” hypothesis (Bellwood 2005) is applicable to these 
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data. The genetic data appears to fit the assumptions of this hypothesis. There appears 
to be central area where genetic diversity is higher (in this case Panama or Costa 
Rica) and the lowest values on the periphery of the Chibchan linguistic area, the 
earliest presence of domestication in the region also appears to have occurred in 
Panama or Costa Rica. However, the specific cultigens may have been domesticated 
outside the isthmus so how they arrived either through trade or population movement 
needs further research. In addition, climatic changes occurred during this time period 
which may have necessitated this cultural change. As human populations were forced 
into smaller geographic ranges and as areas became more forested, changes in 
subsistence patterns occurred. An effect of agriculture is population growth. As the 
sea level decreased these populations expanded from lower Central America into new 
territories along the Caribbean coast. However, further evidence from linguistics, 
genetics, and archaeology is necessary to frame this idea in a broader 
anthropological/historical context that includes northern South America as well as  
uninvestigated Chibchan areas in Nicaragua and Honduras.     
Of the four models proposed for the divergences of Chibchan populations, the 
genetic data presented in this study offers further biological evidence for endogenous  
development in lower Central America. The genetic evidence from mtDNA provides 
the best evidence for a Central American divergence from earlier human inhabitants 
in the region. The highest haplotype diversity values are observed in Isthmic 
populations (with the exception of the Huetar) and then decrease in both the Votic 
and Magdalenic speaking groups. In order for higher diversity values to be observed 
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in these Isthmic groups, greater time depth is needed. The lower diversity values on 
the periphery of the Votic and Magdalenic groups can then be interpreted as the 
expansion and diversification of Chibchan-speakers. A similar pattern is also 
observed in the linguistic structure of Chibchan populations. More languages are 
spoken among the Isthmic-stock than in both the Votic and Magdalenic groups 
(Constenla 1991; 1995). Diversity from the Y-chromosome presents a different 
picture, with higher diversity levels being present in Votic-speakers groups than in 
the Isthmic groups. However, given the higher amount of European admixture and the 
closer relationship of Votic groups to Mesoamerican populations, the Y-chromosome 
data may be more reflective of recent historical events that have impacted the male 
genetic structure of Chibchan populations.  
SUMMARY 
This research cannot determine the number of pre-Columbian migrations into 
South America. However, these molecular genetic data are suggestive of a diaspora of 
Chibchan-speaking groups into the northern South American prior to European 
contact. The northern South American Chibchan populations cluster with lower 
Central American Chibchan and Mesoamerican groups and not with other South 
American populations. This is demonstrated in both the HVS-I MDS Plot (figure 16) 
and the SAMOVA (figure 18) that show a close genetic affinity for these populations 
to one another are suggestive of shared biological history. The Y-chromosome results 
presented here appear to differ and suggest a intermediate paternal relationship 
between Chibchan, Mesoamerican and South American groups. There appears to be a 
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greater biological relationship between Votic-speaking Chibchan groups and 
Mesoamerican populations whereas Isthmic groups cluster with indigenous South 
American populations. There is a little data regarding the relationship of northern 
South American Chibchan groups to Central American populations but it appears in 
these communities males move more frequently than females.  
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VII: CONCLUSION 
A number of recent studies have investigated the role of Chibchan populations 
in the peopling of the Americas due to their contemporary geographic location 
bridging the two American continents. This previous research has rejected the idea of 
lower Central America as intermediate between the complex cultures of Mesoamerica 
and the Andes and instead has concluded that the region is its own major cultural 
area. However, recent research has suggested a biological connection among the 
K’iche Maya and Chibchan populations, suggesting further evidence was needed in 
order to evaluate this association.  
This dissertation characterized mitochondrial and Y-chromosome genetic 
diversity in five (Rama, Maléku, Zapáton Huetar, Chorotega, and Guaymi) 
indigenous populations from Costa Rica and Nicaragua in order to address the origins 
of the Chibchan language family and the biological relationship of these groups to 
each other. The specific questions asked were: 
1) What evolutionary forces have previously operated on Chibchan 
populations? How have they impacted these groups? and Do they differ 
between mtDNA and the Y-chromosome? 
2) What is the maternal/paternal genetic relationships of Chibchan populations 
with neighboring Central and South American indigenous groups?  
3) What can mtDNA and Y-chromosome variation reveal regarding the 
genetic history of Chibchan populations?  
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4) Are discontinuities observable in the genetic variation of Chibchan and 
neighboring populations and if they are present how can they be related to the 
cultural and genetic history of the region. 
This study demonstrated genetic similarities between Chibchan populations 
presented in this dissertation and elsewhere (Barrantes et al. 1990; Bieber et al. 1994; 
Torroni et al. 1994b; Batista et al. 1995; Kolman et al. 1995; Kolman and 
Bermingham 1997; Melton et al. 2007) suggesting an endogenous development of 
Chibchan populations. This model proposed Chibchan populations diverged from 
earlier hunter-gathering populations in lower Central America. This divergence 
occurred due to climatic changes that occurred between 10,000 and 8,500 YBP, 
which resulted in higher sea levels. This rise in sea level created an inter-oceanic 
corridor between Atlantic and the Pacific around modern Lake Nicaragua that 
isolated human populations in the region. This geographic isolation resulted in a 
genetic bottleneck in Chibchan populations. After population size increased, a 
subsequent expansion of these groups occurred along with the spread of agriculture 
along the Pacific and Caribbean coastline. 
Relationships among Mesoamerican and Chibchan populations are also 
apparent based on both mtDNA and Y-chromosome data. Two demographic events 
impacted populations from Mesoamerica and the Isthmo-Colombian area. The first 
event occurred with the arrival of Mesoamerican populations from Central Mexico 
that migrated along the Pacific coast into Nicaragua and Costa Rica. The second 
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event occurred with the arrival of Europeans in the region early in the sixteenth 
century. This latter contact dramatically altered the cultural landscape in the region as 
the indigenous population was decimated due to violence, disease, and slavery with 
an intense effect on the male populations. The impact of European and Mesoamerican 
contact appears to have been greater in northern Chibchan groups than in southern 
populations. There is also a difference in evolutionary forces operating on the K’iche 
Maya and Chibchan populations. Genetic drift has had a greater impact on 
matrilineages in Chibchan populations and the Chorotega whereas the K’iche Maya 
are characterized by high diversity values representative of gene flow. Y-
chromosome data indicated gene flow is more apparent in Votic-speaking Chibchan 
and Mesoamerican groups while the Isthmic-speaking populations are characterized 
by genetic drift. However, there is a general lacunae of available biological evidence 
for Mesoamerican and Chibchan populations inhabiting Nicaragua and Honduras, 
making their relationship to neighboring groups difficult to assess. This is 
unfortunate, as indigenous groups from these regions represented an area of 
increasing Pre-Columbian cultural complexity and interactions that would provide 
greater understanding of both pre- and post- European contact in the Americas.  
Indigenous populations belonging to the Chibchan linguistic family 
demonstrate a relationship between genetics and language and are useful for 
determining biological relationships in Central America. This biological relationship 
is augmented by numerous shared Chibchan cultural characteristics However, this 
interpretation of Chibchan gene language relationship is not without reservations. The 
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first and most important of these is that the measures anthropological geneticists use 
are not always compatible with archaeological assemblages and linguistic 
classifications. Neither culture or language are determined by genes. The second 
caution is that European contact has obviously altered the genetic structure of the 
extant populations in the region. As globalization continues, this trend is likely to 
continue. Gene flow from African, Asian, and European populations decreases 
observable biological relationships among living indigenous populations and 
decreases genetic variation between these populations. Finally, it is difficult to 
determine the effects that the extinctions of people and languages in the region had on 
the resulting phylogenetic relationships as we know little about the biological makeup 
of extinct populations, like the Cueva, in the area. However, if these cautions are 
taken into account and the application of the term “Chibchan” is made heuristically, it 
is a useful function for investigating shared cultural, historical and biological 
characteristics between lower Central and northern South America. 
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APPENDIX A 
The Co-Evolution of Genes and Language in Chibchan populations from Middle 
America 
 
INFORMED CONSENT STATEMENT 
 The Department of Anthropology at the University of Kansas supports the 
practice of protection for human subjects participating in research.  The following 
information is provided for you to decide whether you wish to participate in the 
present study.  You may refuse to sign this form and not participate in this study.  
You should be aware that even if you agree to participate, you are free to withdraw at 
any time.  If you do withdraw from this study, it will not affect your relationship with 
this unit, the services it may provide to you, or the University of Kansas. 
 We are interested in using molecular genetic techniques to reconstruct the 
origins and migrations of indigenous human populations inhabiting Central America 
belonging to the same language family, Chibchan. You will be participating in one 
session that should require a few minutes of your time. During that time you will be 
asked about the geographic origins of your parents, your age, places of birth and two 
buccal smears, one on each side of your mouth, will be taken. The buccal smear 
technique consists of a sterile wooden applicator being gently stroked across the 
cheeks and gums, followed by rinsing the mouth with distilled water.  
 The DNA extracted from the buccal smears will be used solely to reconstruct 
the genetic history of Chibchan speaking populations. Although participation will not 
directly benefit you, we believe that the information will be useful in revealing the 
origins of Central American indigenous people and their relationship to other Native 
American groups. There are no risks associated with this study. All DNA will be used 
up in this analysis. Only personnel working directly on the Chibchan-speakers project 
will have access to the DNA. 
 Your participation is strictly voluntary. We assure you that your name will not 
be associated in any way with the research findings. There is a minor risk that 
personal information may be identifiable, however this information will be identified 
only be a code number and all study data will be maintained in a locked file cabinet in 
a separate room from all DNA. You are not required to sign this Consent and 
Authorization form and you may refuse to do so without affecting your right to any 
services you are receiving or may receive from the University of Kansas or to 
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participate in any programs or events of the University of Kansas.  However, if you 
refuse to sign, you cannot participate in this study. 
 If you would like additional information concerning this study before or after 
it is complete, please feel free to contact either of the individuals listed below by 
phone or e-mail. 
Researcher Contact Information 
Phillip E. Melton                              Dr. Michael H. Crawford Ph. 
Principal Investigator                       Faculty Supervisor 
Dept. of Anthropology                     Dept. of Anthropology 
1415 Jayhawk Blvd                          1415 Jayhawk Blvd 
University of Kansas                        University of Kansas Lawrence, KS 66045                         
785 864 _4172___                            785 864 _4170_____ 
 
PARTICIPANT CERTIFICATION: 
 I have read this Consent and Authorization form. I have had the opportunity to 
ask, and I have received answers to, any questions I had regarding the study.  I 
understand that if I have any additional questions about my rights as a research 
participant, I may call (785) 864-7429 or (785) 864-7385 or write the Human 
Subjects Committee Lawrence Campus (HSCL), University of Kansas, 2385 Irving 
Hill Road, Lawrence, Kansas   66045-7563, email dhann@ku.edu or 
mdenning@ku.edu.  
I agree to take part in this study as a research participant.   
_______________________________         _____________________ 
           Type/Print Participant's Name   Date 
 
 _________________________________________    
                               Participant's Signature 
By my signature I affirm that I am at least 18 years old and that I have received a 
copy of this Consent and Authorization form. 
